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(54) Catalyst for polyester production, process for producing polyester using the catalyst, 
polyester obtained by the process, and uses of the polyester 



(57) The present Invention provides a catalyst for 
polyester production capable of producing a polyester 
with high catalytic activity and a process for producing a 
polyester using the catalyst. The catalyst for polyester 
production comprises a solid titanium compound which 
is obtained by dehydro-drying a hydrotyzate obtained by 
hydrolysis of a titanium halide and which has a molar 
ratio (OH/Ti) of a hydroxyl group (OH) to titanium (Ti) 
exceeding 0.09 and less than 4. The present invention 
also provides a method to obtain a polyester having a 
small increase of the acetaldehyde content during the 
molding. This method comprises bringing a polyester, 
which is obtained by the use of a titanium compound 



catalyst and in which the reaction has been completed, 
into contact with a phosphoric ester aqueous solution or 
the like having a concentration of not less than 10 ppm 
in terms of phosphorus atom. The present invention fur- 
ther provides a polyester having excellent transparency 
and tint and molded products of the polyester such as a 
blow molded article, a film, a sheet and a fiber. The pol- 
yester is obtained by polycordensing an aromatic dicar- 
boxylic acid or an ester-forming derivative thereof and 
an aliphatic diol or an ester-forming derivative thereof in 
the presence of a catalyst for polyester production 
which comprises a polycondensation catalyst compo- 
nent comprising a solid titanium compound and a co- 
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catalyst component comprising a magnesium compound. This polyester has a titanium content of 1 to 100 ppm, a mag 
nesium content of 1 to 200 ppm and a weight ratio (Mg/Ti) of magnesium to titanium of not less than 0.01 . 
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Description 

FIFLD OF THE INVENTION 

5 ■ [0001 ] The present invention relates to a catalyst for polyester production, a process for producing a polyester using 
the catalyst, a polyester obtained by the process and uses of the polyester. 

RAOKGROUND OF THE INVENTiON 

10 [0002] Because of their excellent mechanical strength, heat resistance, transparency and gas barrier properties, 
polyesters such as polyethylene terephthalate are favorably used as not only materials of containers of various bever- 
ages such as juice, soft drinks and carbonated beverages but also materials of films, sheets and fibers. 
[0003] The polyesters can be generally produced using, as starting materials, dicarboxylic acids such as aromatic 
dicarboxylic acids and diols such as aliphatic diols. In more detail, a dicarboxylic acid and a diol are first subjected to 

75 esterif ication reaction to form a low condensate (low molecular weight polyester), and the low condensate is then sub- 
jected to deglycolatlon reaction (liquid phase polycondensation) to increase the molecular weight. In some cases, solid 
phase polycondensation is performed to further increase the molecular weight. 

[0004] In the process for producing polyesters mentioned above, a conventional antimony compound, a conven- 
tional germanium connpound or the like is used as a polycondensation catalyst, 
20 [0005] However, the polyester produced by the use of the antimony compound as a polycondensation catalyst is 
inferior to the polyester produced by the use of a germanium compound as a polycondensation catalyst in the transpar- 
ency and the heat resistance. In the use of the antimony compound as a polycondensation catalyst, further, the acetal- 
dehyde content in the resulting polyester is desired to be decreased. 

[0006] On the other hand, the germanium compound is considerably expensive, so that the production cost of pol- 
25 yester becomes high. To decrease the production cost, a process including recovering the gennanium compound scat- 
tered during the polycondensation and reusing it has been studied. 

[0007] By the way. it is known that titanium is an element having a function of promoting polycondensation reaction 
of a low condensate. Titanium compounds such as titanium alkoxide. titanium tetrachloride, titanyl oxalate and orthoti- 
tanic acid are publicly known as polycondensation catalysts, and various studies have been made to utilize such tita- 

30 nium compounds as the polycondensation catalysts. 

[0008] However, when the conventional titanium compounds are used as the polycondensation catalysts, their 
activity is inferior to that of the antimony compounds or the germanium compounds. In addition, the resulting polyester 
has a prdblem of being markedly colored yellow, and hence they have not been put into practical use yet. In the indus- 
trial production of polyesters using these titanium compounds as the polycondensation catalysts, further, there is a 

35 problem of corrosion caused by elution of chlorine content in case of catalysts containing a large amount of chlorine, 
such as titanium tetrachloride and partial hydrolyzate of titanium tetrachloride. Therefore, catalysts having low chlorine 
content are sometimes desired. 

[0009] Under such circumstances as described above, catalysts for polyester production capable of producing pol- 
yesters with high polycondensation activity or catalysts for polyester production capable of producing such polyesters 
40 as satisfy any one of requirements of low acetaldehyde content, high transparency and excellent tint with high catalytic 
activity are desired. 

[0010] There are also desired a process for producing polyesters by which polyesters having desired intrinsic vis- 
cosity (IV) can be obtained for a short period of time, a process for producing polyesters by which polyesters having low 
acetaldehyde content can be obtained with high polymerization activity, and a process for producing polyesters by 
45 which polyesters having excellent tint can be obtained with high polymerization activity. 

[001 1 ] As described above, the polyester, particularly polyethylene terephthalate. is favorably used as a material of 
containers of beverages such as juice, soft drinks and carbonated beverages. 

[001 2] To produce a blow molded article from the polyester, the polyester is fed to a molding machine such as an 
injection molding machine to form a preform for a blow molded article, then the preform is inserted in a mold of a given 
50 shape, and the preform is subjected to stretch blow molding and a heat treatment (heat setting). 

[0013] As for the molded product obtained from the conventional polyester such as conventional polyethylene 
terephthalate. however, the content of acetaldehyde is increased during the molding and the acetaldehyde remains in 
the resulting molded product, so that flavor or scent of the contents filled in the molded product is sometimes consider- 
ably deteriorated. 

55 [0014] As a process for producing polyethylene terephthalate having small increase of the acetaldehyde content 
during the molding, a process, which includes treating a particulate polyethylene terephthalate with water vapor of 
1 10'C or higher prior to solid phase polycondensation of the polyethylene terephthalate, is disclosed in Japanese Pat- 
ent Uid-Open Publication No. 25815/1984. or a process for producing polyethylene terephthalate of high polymeriza- 
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tion degree, which includes a step of moisture controlling polyethylene terephthalate having an intrinsic viscosity of not 
less than 0.4 dl/g and a density of not more than 1.35 g/cm^ to vary the moisture content to not less than 0.2 % by 
weight, a step of precrystallizing the polyethylene terephthalate at a temperature of 140"C or higher, and a step of solid 
phase polymerization at a temperature of 180 to ZAO^'C In an inert gas atmosphere or reduced pressure, is disclosed in 
5 Japanese Patent Laid-Open Publication No. 219328/1 984. 

[001 5] However, the increase of the acetaldehyde content in the polyethylene terephthalate obtained by these proc- 
esses cannot be lowered down below a certain level. 

[001 6] In Japanese Patent Laid-Open Publication No 97990/1 993, a method for treating polyethylene terephthalate 
comprising bringing pellets of polyethylene terephthalate having been subjected to solid phase polymerization into con- 
10 tact with a phosphoric acid aqueous solution having a concentration of not less than 1 ppm is disclosed. 

[0017] In this method, however, the phosphoric acid functions as an acid catalyst to perform hydrolysis, and as a 
result, decrease of the intrinsic viscosity is accelerated during the melt molding. 

[001 8] The conventional polyester, e.g., polyethylene terephthalate, contains oligomers such as a cyclic trimer, and 
the oligomers such as a cyclic trimer adhere to an inner surface of a mold for blow molding or a gas exhaust vent or a 
15 gas exhaust pipe of a mold to cause stain of the mold, or adhere to a vent zone of an injection molding machine. The 
stain of the mold causes surface roughening or whitening of the resulting blow molded article. The whitened blow 
molded article must be discarded. In the production of a blow molded article using the conventional polyester, the stain 
of the mold must be frequently removed, and this results in conspicuous lowering of productivity of the blow molded arti- 
cle. 

20 [001 9] In addition, the polyester obtained by the use of the antimony compound or the germanium compound as a 
polycondensation catalyst sometimes has low melt f lowability and is insufficient in the moldability. 
[0020] Under such circumstances as described above, there Is desired a polyester having a low acetaldehyde con- 
tent, hardly increased in the acetaldehyde content during the molding and hardly causing stain of a mold or a polyester 
having high melt f lowability and excellent moldability 

25 [0021 ] Further, there is also desired a polyester molded product having excellent transparency and tint or a molded 
product such as a blow molded article preform or a blow molded article, e.g., a polyester blow molded article having a 
low content of a cyclic trimer. 

[0022] The present applicants have found that the main cause of the stain of a mold in the molding process resides 
in that large amounts of oligomers such as a cyclic trimer are produced in the molding of the polyester to Increase the 
30 total amount of the oligomers such as a cyclic trimer contained in the polyester, and has also found that the increase of 
the oligomers such as a cyclic trimer can be remarkably inhibited by bringing the polyester obtained through the solid 
phase polycondensation into contact with water or the like, so that they have proposed this in Japanese Patent Laid- 
Open Publications No. 97990/1 993 and No. 283393/1 996. 



35 OBJECT OF THE INVENTION 

[0023] The present invention has been made In view of the prior arts as described atiove, and it is an object of the 
invention to provide a catalyst for polyester production capable of producing a polyester with high catalytic activity or a 
catalyst tor polyester production capable of producing such a polyester of high quality as satisfies any one of require- 

40 ments of a iow acetaldehyde content, high transparency and excellent tint with high catalytic activity. 

[0024] It is another object of the invention to provide a process for producing a polyester by which a polyester hav- 
ing a desired Intrinsic viscosity (IV) can be obtained for a short period of time, a process for producing a polyester by 
which a polyester having a low acetaldehyde content can be produced with high polymerization activity, and a process 
for producing a polyester by which a polyester having excellent tint can be obtained with high polymerization activity. 

45 [0025] It Is a further object of the invention to provide a polyester having smalt increase of the acetaldehyde content 
during the molding, particularly a polyester having a low acetaldehyde content and small increase of the acetaldehyde 
content during the molding, a polyester hardly bringing about stain of a mold, a polyester having excellent transparency 
and tint, or a polyester having high melt f lowability and excellent moldability. 

[0026] It Is a still further object of the invention to provide a polyester molded product having excellent transparency 
50 and tint or a polyester molded product such as a blow molded article preform or a blow molded article, e.g.. a polyester 
blow molded article having a low content of a cyclic trimer. 



SUMMARY OF THE INVENTION 



55 [0027] One embodiment of the catalyst for polyester production according.to the present invention includes: 

a catalyst tor polyester production, comprising a solid titanium compound (l-a) which is obtained by dehydro-drying 
a hydrolyzate obtained by hydrolyzing a titanium halide and has a molar ratio (OH/TI) of a hydroxyl group (OH) to 
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titanium (Ti) exceeding 0.09 and less than 4; 

a catalyst for polyester production, comprising a titanium-containing solid compound (l-b) which is obtained by 
dehydro-drying a hydrolyzate obtained by hydrolyzing a mixture of a titanium halide and a compound of at least one 
element selected from elements other than titanium or a precursor of the compound and has a molar ratio (OH/Ti) 
5 of a hydroxyl group (OH) to titanium (Ti) exceeding 0.09 and less than 4; and 
a catalyst for polyester production, comprising: 

(I) a polycpndensatlon catalyst component comprising the solid titanium compound (l-a) and/or the titanium- 
containing solid compound (l-b). and 
10 (II) a co-catalyst component comprising a compound of at least one element selected from the group consist- 

ing of beryllium, magnesium, calcium, strontium, barium, boron, aluminum, gallium, manganese, cobalt, zinc, 
germanium, antimony and phosphorus. 

[0028] Another embodiment of the catalyst for polyester production according to the present invention includes: 

15 

a catalyst for polyester production, comprising : . 

(I) a polycondensation catalyst component comprising a solid titanium compound (l-c) obtained by dehydro- 
drying a hydrolyzate obtained by hydrolyzing a titanium halide. and 

(II) a co-catalyst component comprising a compound of at least one element selected from the group consist- 
ing of beryllium, magnesium, calcium, strontium, barium, boron, aluminum, gallium, manganese, cobalt, zinc, 
germanium, antimony and phosphorus; 

a catalyst for polyester production, comprising a titanium-containing solid compound (l-d) obtained by dehydro-dry- 
ing a hydrolyzate obtained by hydrolyzing a mixture of a titanium halide and a connpound of at least one element 
selected from elements other than titanium or a precursor of the compound; and 
a catalyst for polyester production, comprising: 

(J) a polycondensation catalyst component comprising the titanium-containing solid compound (l-d), and 
(II) a co-catalyst component comprising a compound of at least one elerrient selected from the group consist- 
ing of beryllium, magnesium, calcium, strontium, barium, boron, aluminum, gallium, manganese, cobalt, zinc, 
germanium, antimony and phosphorus. 

[0029] In the catalyst for polyester production described above, the co-catalyst connponent (II) is preferably a mag- 
nesium compound. 

[0030] A further embodiment of the catalyst for polyester production according to the present invention includes: 

a catalyst for polyester production, comprising a solid titanium compound (1-e) obtained by a process comprising 
brining a titanium halide into contact with water to hydrolyze the titanium halide and thereby obtain an acid solution 
containing a hydrolyzate of the titanium halide, rendering the solution basic by the use of a base, then adjusting pH 
of the solution to 2 to 6 by the use of an acid, and dehydro-drying the resulting precipitate; 
a catalyst for polyester production, comprising a solid titanium compound (l-f) obtained by a process comprising 
bringing a titanium halide into contact with water to hydrolyze the titanium halide and thereby obtain an acid solution 
containing a hydrolyzate of the titanium halide, adjusting pH of the solution to 2 to 6 by the use of a base, and dehy- 
dro-drying the resulting precipitate; 
a catalyst for polyester production, comprising: 

(I) a polycondensation catalyst component comprising the solid titanium compound (l-e) or the solid titanium 
compound (l-f), and 

(II) a co-catalyst component comprising a compound of at least one element selected from the group consist- 
ing of beryllium, magnesium, calcium, strontium, barium, boron, aluminum, gallium, manganese, cobalt, zinc, 
germanium, antimony and phosphorus; 

a catalyst for polyester production, comprising a titanium-pontaining solid compound (l-g) obtained by a process 
comprising bringing a mixture of a titanium halide and a compound of at least one element selected from elements 
other than titanium or a precursor of the compound into contact with water to hydrolyze the titanium halide and 
thereby obtain an acid solution containing a hydrolyzate of the titanium halide. rendering the solution basic by the 
use of a base, then adjusting pH of the solution to 2 to 6 by the use of an acid, and dehydro-drying the resulting 
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precipitate; 

a catalyst for polyester production, comprising a titanium-containing solid compound (l-h) obtained by a process 
coniprislng bringing a mixture of a titanium halide and a conpound of at least one element selected from elements 
other than titanium or a precursor of the compound into contact with water to hydrolyze the titanium halide and 
5 • thereby obtain an acid solution containing a hydrolyzate of the titanium halide, adjusting pH of the solution to 2 to 
6 by the use of a base, and dehydro-drying the resulting precipitate; 
a catalyst for polyester production, comprising: 

(I) a polycondensatlon catalyst component comprising the titanium-containing solid compound (l-g) or (l-h). 
10 and 

(II) a co-catalyst component comprising a conpound of at least one element selected from the group consist- 
ing of beryllium, magnesium, calcium, strontium, barium, boron, aluminum, gallium, manganese, cobalt, zinc, 
germanium, antimony and phosphorus. 

15 [0031] In the catalyst for polyester production described above, the co-catalyst component (II) is preferably a mag- 
nesium compound. 

[0032] A still further embodiment of the catalyst for polyester production according to the present invention 
includes: 

20 a catalyst for polyester production, comprising a solid titanium compound (l-i) which is obtained by dehydro-drying 
titanium hydroxide and has a crystalllnlty. as calculated from an X-ray diffraction pattern having 20 (diffraction 
angle) of 18* to 35", of not more than 50 %: and 
a catalyst for polyester production, comprising: 

25 (I) a polycondensatlon catalyst component comprising the solid titanium compound (l-i). and 

(II) a co-catalyst component comprising a compound of at least one element selected from the group consist- 
ing of beryllium, magnesium, calcium, strontium, barium, boron, aluminum, gallium, manganese, cobalt, zinc, 
germanium, antimony and phosphorus. 

30 [0033] A still further ennbodiment of the catalyst for polyester production according to the present invention 
Includes: 

a catalyst for polyester production, comprising a slurry obtained by heating a mixture of: 

35 (A-1) a hydrolyzate (l-j) obtained by hydrolyzing a titanium compound or a hydrolyzate (1-k) obtained by hydro- 

lyzing a mixture of a titanium compound and a compound of at least one element selected from elements other 
than titanium or a precursor of the compound. 

(B) a basic compound, and 

(C) an aliphatic diol. 

40 

[0034] In the catalyst for polyester production described above, the basic compound (B) is preferably at least one 
compound selected from tetraethylammonium hydroxide, tetramethylammonium hydroxide, aqueous ammonia, sodium 
hydroxide, potassium hydroxide, N-ethylmorpholine and N-methylmorphollne. 
[0035] The aliphatic diol (C) is preferably ethylene glycol 
45 [0036] A still further embodiment of the catalyst for polyester production according to the present invention 
Includes: 

a catalyst for polyester production, comprising: 

so (A-2) a hydrolyzate (l-m) obtained by hydrolyzing a titanium halide or a hydrolyzate (l-n) obtained by hydrolyz- 

ing a mixture of a titanium halide and a compound of at least one element selected from elements other than 
titanium or a precursor of the compound, and 

(D) a metallic phosphate containing at least one element selected from beryllium, magnesium, calcium, stron- 
tium, boron, aluminum, gallium, manganese, cobalt and zinc; and 

55 

a catalyst for polyester production, comprising a slurry obtained by heating a mixture of: 

(A-2) a hydrolyzate (l-m) obtained by hydrolyzing a titanium halide or a hydrolyzate (l-n) obtained by hydrolyz- 
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ing a mixture of a titanium halide and a compound of at least one element selected from elements other than 

titanium or a precursor of the compound, 

(E) a metallic compound containing at least one element selected from beryllium, magnesium, calcium, stron- 
tium, boron, aluminum, gallium, manganese, cobalt and zinc, 
5 (F) at least one phosphorus compound selected from phosphoric acid and phosphoric esters, and 

(G) an aliphatic diol. 

[0037] In the catalyst for polyester production described above, the metallic phosphate (D) is preferably magnesium 
hydrogenphosphate or trimagnesium diphosphate. Further, it is preferable that the metallic compound (E) is a magne- 
10 sium compound, the phosphorus compound (F) is phosphoric acid or trimethyl phosphate, and the aliphatic diol (G) is 
ethylene glycol. 

[0038] The heating temperature of the mixture of the components (A-2), (E), (F) and (G) is preferably in the range 
of 100 to 2G0*C. and the heating time is preferably in the range of 3 minutes to 5 hours. 

[0039] In the catalyst for polyester production according to the invention described above, the compound of at least 
75 one element selected from elements other than titanium or the precursor of the compound is a compound of at least 
one element selected from the group consisting of beryllium, magnesium, calcium, strontium, barium, scandium, 
yttrium, lanthanum, zirconium, hafnium, vanadium, niobium, tantalum, chromium, molybdenum, tungsten, manganese, 
iron, ruthenium, cobalt, rhodium, nickel, palladium, copper, zinc, boron, aluminum, gallium, silicon, gennanium, tin, anti- 
mony and phosphorus, or a precursor of the compound. 
20 [0040] One embodiment of the process for producing a polyester according to the present invention Is a process 
comprising polycondensing an aromatic dicarboxylic acid or an ester-forming derivative thereof and an aliphatic diol or 
an ester>forming derivative thereof in the presence of the above-mentioned catalyst for polyester production. 
[0041 ] Another embodiment of the process for producing a polyester according to the present invention Is a process 
comprising an esterification step in which an aromatic dicarboxylic acid or an ester-forming derivative thereof and an 
25 aliphatic diol or an ester-forming derivative thereof are esterif led to form a low condensate and a polycondensation step 
in which the low condensate is polycondensed in the presence of a polycondensation catalyst to increase the molecular 
weight, wherein: 

the polycondensation catalyst used is a catalyst comprising: 

30 

(I) a polycondensation catalyst component comprising a hydrolyzate (l-j) obtained by hydrolyzing a titanium 
compound or a hydrolyzate (l-K) obtained by hydrolyzing a mixture of a titanium compound and a compound of 
at least one element select^ from elements other than titanium or a precursor of the compound, and 

(II) a co-catalyst component comprising a compound of at least one element selected from the group consist- 
35 ing of beryllium, magnesium, calcium, strontium, barium, boron, aluminum, gallium, manganese, cobalt, zinc, 

germanium, antimony and phosphorus; 

and 

40 the polycondensation catalyst component (1) is added to the esterification reactor before the beginning of the ester- 
ification reaction or immediately after the beginning of the esterification reaction. 

[0042] In the process for producing a polyester described above, the co-catalyst component ( II) is preferably a mag- 
nesium compound. 

45 [0043] A further entoodiment of the process for producing a polyester according to the present invention is a proc- 
ess comprising polycondensing an aromatic dicarboxylic acid or an ester-forming derivative thereof and an aliphatic diol 
or an ester-forming derivative thereof in the presence of a polycondensation catalyst selected from the following cata- 
lysts (1) to (3) and a phosphoric ester to produce a polyester; 

50 (1) a polycondensation catalyst comprising a hydrolyzate (l-m) obtained by hydrolyzing a titanium halide. 

(2) a polycondensation catalyst comprising a hydrolyzate (1-n) obtained by hydrolyzing a mixture of a titanium hal- 
ide and a compound of at least one element selected from elements other than titanium or a precursor of the com- 
pound, and 

(3) a polycondensation catalyst conprising: 

55 

the hydrolyzate (l-m) or (l-n). and 

a compound of at least one element selected from beryllium, magnesium, calcium, strontium, barium, boron, 
aluminum, gallium, manganese, cobalt, zinc, germanium and antimony, a phosphate or a phosphite. 
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[0044] * In the process for producing a polyester described above, the phosphoric ester is preferably tributyl phos- 

phate» trioctyl phosphate or triphenyl phosphate. 

[0045] A still further embodiment of the process for producing a polyester according to the present invention is a 
process comprising polycondensing an aromatic dicarboxylic acid or an ester-forming derivative thereof and an 
5 aliphatic diol or an ester-forming derivative thereof in the presence of a polycondensation catalyst selected from the fol- 
lowing catalysis (t) to (3) and at least one compound selected from cyclic lactone compounds and hindered phenol 
compounds to produce a polyester; 

(1) a polycondensation catalyst comprising a hydrolyzate (l-m) obtained by hydrolyzing a titanium halide. 
10 (2) a polycondensation catalyst comprising a hydrolyzate (l-n) obtained by hydrolyzing a mixture of a titanium hal- 
ide and a compound of at least one element selected from elements other than titanium or a precursor of the com- 
pound, and 

(3) a polycondensation catalyst comprising: 

15 the hydrolyzate (l-m) or (l-n), and 

a conpound of at least one element selected from beryllium, magnesium, calcium, strontium, barium, boron, 
aluminum, gallium, manganese, cobalt, zinc, germanium and antinrrony, a phosphate or a phosphite. 

[0046] In the process for producing a polyester described above, at least one phosphorus compound selected from 
20 phosphoric acid and phosphoric esters can be further used in combination. 

[0047] The at least one compound selected from cyclic lactone compounds and hindered phenol compounds Is 
preferably a mixture of 5.7-di-t-butyl-3-(3,4-dimethylphenyl)-3H-benzofuran-2-one. tetrakis(mefhylene-3(3,5-di-t-butyl- 
4-hydroxyphenyl)propionate)methane and tris(2,4-di-t-butylphenyl)phosphite. 

[0048] A still further embodiment of the process for producing a polyester according to the present invention is a 
25 process comprising an esterif ication step in which an aromatic dicarboxylic acid or an ester-forming derivative thereof . 
and an aliphatic diol or an ester-forming derivative thereof are esterif ied to form a low condensate and a polyconden- 
sation step in which the low condensate is polycondensed in the presence of a polycondensation catalyst to increase 
the molecular weight, wherein: 

30 the polycondensation catalyst used is a catalyst comprising: 

(I) a polycondensation catalyst component comprising a hydrolyzate (l-m) obtained by hydrolyzing a titanium 
halide or a hydrolyzate (l-n) obtained by hydrolyzing a mixture of a titanium halide and a connpound of at least 
one element selected from elements other than titanium or a precursor of the compound, and 
35 (II) a co-catalyst component comprising a compound of at least one element selected from the group consist- 

ing of beryllium, magnesium, calcium, strontium, barium, boron, aluminum, gallium, manganese, cobalt, zinc, 
germanium, antimony and phosphorus; 

and 

40 

a tint adjusting agent Is added In the esterif Ication step or the polycondensation step. 

[0049] In the process for producing a polyester described above, the tint adjusting agent is preferably at least one 
agent selected from Solvent Blue 104. Pigment Red 263. Solvent Red 135. Pigment Blue 29. Pigment Blue 15:1, Plg- 
45 ment Blue 15:3, Pigment Red 187 and Pigment Violet 19. 

[0050] The co-catalyst component (II) is preferably a magnesium compound. 

[0051] Embodiments of the method for treating a polyester according to the present Invention include: 

a method for treating a polyester, comprising bringing a polyester, which is obtained by the use of a titanium corn- 
so pound catalyst and in which the reaction has been completed, into contact with a phosphorous acid aqueous solu- 
tion, a hypophosphorous acid aqueous solution, a phosphoric ester aqueous solution, a phosphorous ester 
aqueous solution or a hypophosphorous ester aqueous solution, each of said solutions having a concentration of 
not less than 1 0 ppm In terms of phosphorus atom; 

a method for treating a polyester, comprising bringing a polye^er, which Is obtained by the use of a titanium com- 
55 pound catalyst and in which the reaction has been completed, into contact with an organic solvent; and 

a method for treating a polyester, comprising bringing a polyester, which Is obtained by the use of a titanium com- 
pound catalyst and In which the reaction has been completed, into contact with an organic solvent solution of phos- 
phoric acid, an organic solvent solution of a phosphoric ester, an organic solvent solution of phosphorous acid, an 
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organic solvent solution of hypophosphorous add. an organic solvent solution of a phosphorous ester or an organic 
solvent solution of a hypophosphorous ester, each of said solutions having a concentration of not less than 10 ppm 
in terms of phosphorus atom. 

5 [0052] The polyester preferably has an intrinsic viscosity of not less than 0.50 dl/g, a density of not less than 1 .37 
QfonrP and an acetaldehyde content of not more than 5 ppm. 

[0053] The organic solvent is a solvent selected from alcohols, saturated hydrocarbons and ketones, preferably iso- 
propanol or acetone. 

[0054] The phosphoric ester Is preferably tributyl phosphate, triphenyl phosphate or trimethyl phosphate. 
10 [0055] The polyester used in the above method is preferably polyethylene terephthalate. 

[0056] One embodiment of the polyester according to the present invention is a polyester (P-1) obtained by poly- 
condensing an aromatic dicarboxylic acid or an ester-forming derivative thereof and an aliphatic diol or an ester-forming 
derivative thereof in the presence of a catalyst for polyester production which comprises: 

15 (I) a polycondensation catalyst component comprising the solid titanium compound (l-c) or the titanium-containing 
solid compound (l-d). and 

(II) a co-catalyst component comprising a magnesium compound. 

wherein the titanium content is in the range of 1 to 1 00 ppm. the magnesium content is in the range of 1 to 200 ppm. 
and the weight ratio (Mg/Ti) of magnesium to titanium is not less than 0.01. 

20 

[0057] The polyester (P-1 ) is preferably polyethylene terephthalate. 

[0058] Another embodiment of the polyester according to the present invention is a polyester (p'2) having the fol- 
lowing properties: 

25 a titanium atom is contained in an amount of 0.1 to 200 ppm. 

a metal atom M selected from beryllium, magnesium, calcium, strontium, barium, boron, aluminum, gallium, man- 
ganese, cobalt, zinc and antimony is contained in an amount of 0.1 to 500 ppm. 

the molar ratio (titanium atom/metal atom M) of the titanium atom to the metal atom M is in the range of 1 /50 to 50/1 . 
and 

30 a tint adjusting agent Is contained in an amount of 0.01 to 100 ppm. 
[0059] The polyester (P-2) is preferably polyethylene terephthalate. 

[0060] A further ennbodiment of the polyester according to the present invention is a polyester (p-3) having the fol- 
lowing properties: 

35 

the Intrinsic viscosity is not less than 0.50 dl/g, 

a titanium atom is contained in an arnount of 0.1 to 200 ppm, 

a metal atom M selected from beryllium, magnesium, calcium, strontium, barium, boron, aluminum, gallium, man- 
ganese, cobalt, zinc and antimony is contained in an amount of 0.1 to 500 ppm. 
40 the molar ratio (titanium atom/metal atom M] of the titanium atom to the metal atom M is in the range of 0.05 to 50. 
and 

the content of acetaldehyde is not more than 4 ppm. and when this acetaldehyde content is taken as Wq ppm and 
a content of acetaldehyde in a stepped square plate molded product obtained by heating said polyester to a tem- 
perature of 275*^0 to melt it and molding the molten polyester is taken as ppm. the value of W^-Wq is not more 
45 than 10 ppm. 

[0061 ] In the polyester ( P-3) , the titanium atom is preferably one derived from a polycondensation catalyst obtained 

by hydrolysis of a titanium halide. 

[0062] The polyester (P-3) is preferably polyethylene terephthalate. 
so [0063] A still further embodiment of the polyester according to the present invention is a polyester (P-4) having the 
following properties: 

the intrinsic viscosity is not less than 0.50 dl/g, 
a titanium atom is contained In an amount of 0.1 to 200 ppm, 
55 a metal atom M selected from beryllium, magnesium, calcium, strontium, barium, boron, aluminum, gallium, man- 
ganese, cobalt, zinc and antimony is contained in an amount of 0.1 to 500 ppm, 

the molar ratio (titanium atom/metal atom U) of the titanium atom to the metal atom M is in the range of 0.05 to 50. 
and 
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the content of a cyclic trimer is not more than 0.5 % by weight, and when this cyclic trimer content Is taken as x % 
by weight and a content of a cyclic trimer in a stepped square plate molded product obtained by heating said poly- 
ester to a temperature of 290*C to melt it and molding the molten polyester is taken as y % by weight, x and y satisfy 
the following relation 

5 

y s -0.2x + 0.2. 

[0064] In the polyester {P-4), the titanium atom is preferably one derived from a polycondensation catalyst obtained 
by hydrolysis of a titanium halide. ^ 
10 [0065] The polyester (P-4) is preferably polyethylene terephthalate. 

[0066] A still further embodiment of the polyester according to the present invention is a polyester (P-5) having the 
following properties: 

when the ratio (L/T) of a flow length (L) to a flow thickness (T) in the injection molding of said polyester at 290**C is 
15 taken as Y and the intrinsic viscosity of a molded product obtained by the injection molding is taken as X (dl/g). X 
and Y satisfy the following relation 

Y m 647-500X. 

20 [0067] The polyester (P-5) is obtained by, for example, polycondensing an aromatic dicarboxylic acid or an ester- 
forming derivative thereof and an aliphatic did or an ester-forming derivative thereof in the presence of: 

a polycondensation catalyst comprising a hydrolyzate (l-m) obtained by hydrolyzing a titanium halkJe, 
a polycondensation catalyst comprising a hydrolyzate (l-n) obtained by hydrolyzing a mixture of a titanium halide 
25 and a compound of at least one element selected from elements other than titanium or a precursor of the com- 
pound, or 

a polycondensation catalyst comprising: 

(I) a polycondensation catalyst component comprising the hydrolyzate (l-m) or the hydrolyzate (l-n), and 
30 (II) a co-catalyst component comprising a conpound of at least one element selected from the group consist- 

ing of beryllium, magnesium, calcium, strontium, barium, boron, aluminum, gallium, manganese, cobalt, zinc, 
germanium, antimony and phosphorus. 

[0068] The compound of at least one element selected from elements other than trtanium or the precursor of the 
35 compound is the same compound or precursor as previously described. 

[0069] The co-catalyst compound (II) is preferably a magnesium compound. 

[0070] In the polyester (P-5), it is preferable that the titanium atom content is in the range of 1 to 1 00 ppm, the mag- 
nesium atom content is in the range of 1 to 200 ppm, and the weight ratio (Mg/Ti) of the magnesium atom to the titanium 
atom is not less than 0.01 . 
40 [0071] The polyester (P-5) is preferably polyethylene terephthalate. 

[0072] One embodiment of the polyester molded product according to the present invention is a molded product 
obtained from the polyester (P-1). and examples of the polyester molded products include a blow molded article, afilm, 
a sheet and a fiber. 

[0073] Another embodiment of the polyester moWed product according to the present Invention is a blow molded 
45 article obtained from the polyester (P-4) and having a cyclic trimer content of not more than 0.6 % by weight. 

[0074] A further embodiment of the polyester molded product according to the present invention is a blow molded 
article preform or a blow molded article each of which is obtained from the polyester (P-5). 



50 



BRIEF DESCRIPTION OF THE DRAWING 
[0075] 



Fig. 1 shows X-ray diffraction patterns to explain a method of measuring a crystallinity of a solid titanium com- 
pound. 

55 Fig. 2 is a perspective view of a stepped square plate molded product used for measuring a haze, a content of a 
cyclic trimer and a content of acetaldehyde. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0076] The catalyst for polyester production according to the present invention, a process for producing a polyester 
using the catalyst, a polyester obtained by the process and uses of the polyester are described in detail hereinafter. 
[0077] One embodiment of the catalyst for polyester production according to the invention comprises a solid tita- 
nium compound (l-a) and/or a titanium-containing solid compound (l-b) described below, and if necessary, a co-catalyst 
component (II) described below. 

Solid titanium compound M-aV Titanium-contain ing solid compound li-b) 



[0078] The solid titanium compound (l-a) of the invention is obtained by hydrolyzing a titanium haiide and then 
dehydro-drying the resulting hydrolyzate. 

[0079] The titanium haiide is a compound having at least one titanium atom-halogen atom bond in a molecule. 
Examples such compounds include titanium tetrahalides, such as titanium tetrachloride, titanium tetrabromide and tita- 
15 nium tetraiodide; titanium trihalides. such as titanium trichloride; titanium dihalides. such as titanium dichloride; and tita- 
nium monohalides. 

[0060] There is no specific limitation on the method to hydrolyze the titanium haiide. and for example, there can be 
mentioned (1 ) a method of adding the titanium haiide to water. (2) a method of adding water into the titanium haiide. (3) 
a method of passing a gas containing vapor of the titanium haiide through water. (4) a method of passing a gas contain- 
20 ing water vapor through the titanium haiide, (5) a method of corrtactlng a gas containing the titanium haiide with a gas 
containing water vapor. 

[0081 ] In the present invention, the method of hydrolysis Is not specifically limited as described above, butin each 
method, it is necessary to allow a large excess of water to act on the titanium haiide and thereby conrpletely carry out 
the hydrolysis. If the hydrolysis is not completely carried out and if the resulting hydrolyzate is such a partial hydrolyzate 

25 as described in Japanese Patent Publication No. 19477/1976. the polycondensation rate may be insufficient. 

[0082] The temperature for the hydrolysis is usually not higher than 1 0O'C. preferably in the range of 0 to 70°C. 
[0083] The titanium-containing solid compound (l-b) of the invention is obtained by hydrolyzing a mixture of a tita- 
nium haiide and a compound of at least one element selected from elements other than titanium or a precursor of the 
compound (sometimes referred to as a "compound of another element" hereinafter) and then dehydro-drying the result- 

30 ing hydrolyzate. That is, the titanium compound is hydrolyzed in the presence of a compourid of another element, and 
the resulting precipitate is dried to obtain the titanium-containing solid compound (l-b). 

[0084] The compound of another element Is a compound of at least one element selected from the group consisting 
of beryllium, magnesium, calcium, strontium, barium, scandium, yttrium, lanthanum, zirconium, hafnium, vanadium, 
niobium, tantalum, chromium, molybdenum, tungsten, manganese, iron, ruthenium, cobalt rhodium, nickel, palladium, 
35 copper, zinc, boron, aluminum, gallium, silicon, germanium, tin, antimony and phosphorus (each of these elements 
sometimes being referred to as "another element" hereinafter), or a precursor of the compound. The compound of 
another element is. for example, a hydroxide. 

[0085] The compounds of another element can be used singly or in combination of two or more kinds. 

[0086] There is no specific limitation on the method to hydrolyze the mixture of the titanium haiide and the com- 

40 pound of another element, and for example, there can be mentioned (1) a method of adding the titanium haiide to water, 
in which the compound of another element has been dissolved or suspended. (2) a method of adding a mixture of the 
titanium haiide and the compound of another element to water. (3) a method of adding water to a mixture of the titanium 
haiide and the compound of another element, (4) a method adding water, in which the compound of another element 
has been dissolved or suspended, to the titanium haiide, (5) a method of passing a gas containing vapor of the titanium 

45 haiide through water in which the compound of another element has been dissolved or suspended. (6) a method of 
passing a gas containing vapor of the titanium haiide and vapor of the compound of another element through water. (7) 
a method of passing a gas containing water vapor through a mixture of the titanium haiide and the compound of another 
element. (8) a method of passing a gas containing water vapor and vapor of the compound of another element through 
the titanium haiide. and (9) a method of contacting a gas containing the titanium halkie. a gas containing the compound 

so of another element and a gas containing water vapor with one another. 

[0087] In the hydrolysis, the molar ratio (E/Ti) of another element (E) in the compound of another element to tita- 
nium (Ti) in the titanium haiide is desirably in the range of 1/50 to 50/1 . The temperature for the hydrolysis is usually not 
higher than 100**C. preferably in the range of 0 to 70°C. 

[0088] When the titanium haiide or the mixture of the titanium haiide and the compound of another element is 
55 hydrolyzed. the resulting liquid exhibits acidic property by virtue of hydrogen haiide produced by the hydrolysis of the 
titanium haiide. Because of the acidic property, the hydrolysis is not completed in some cases, so that a base may be 
added to perform neutralization. Examples of the bases (sometimes referred to as "neutralizing base(s)" hereinafter) 
employable herein include aqueous ammonia; hydroxides of Group 1 and Group 2 elements of the periodic table, such 
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as sodium hydroxide, potassium hydroxide, magnesium hydroxide; carbonate (hydrogencarbonate) compounds of 
Group 1 and Group 2 elements of the periodic table, such as sodium carbonate, sodium hydrogencarbonate. potassium 
carbonate and potassium hydrogencarbonate; urea; and basic organic compounds. At the end point of the neutraliza- i 
tion. the pH value is preferably not less than 4. and the neutralization is preferably carried out at a temperature of not 
5 higher than IQ^C. 

[O089] The hydrolyzate of the titanium halide or the hydrolyzate of the mixture of the titanium halide and the com- 
pound of another element obtained by the hydrolysis is, in this stage, a gel of a hydrous hydroxide (sometimes called 
"orthotitanic acid") or a hydrous complex hydroxide gel. By dehydro-drying the hydrous hydroxide gel or the hydrous 
complex hydroxide gel, the solid titanium compound (l-a) or the titanium-containing solid compound (l-b) according to 

10 the invention is obtained. Through the drying, a part of hydroxyl groups are removed. 

[0090] The drying can be can-ied out at ordinary pressure or under reduced pressure in a state of solid phase or a 
state where the gel is suspended in a liquid phase having higher boiling point than water. Although the drying temper- 
ature is not specifically limited, it is preferably not lower than SO^C and lower than 350*C. The hydrous hydroxide gel or 
the hydrous complex hydroxide gel may be washed with water before drying, or the solid titanium compound or the tita- 

75 nium-containing solid compound may be washed with water after drying, to remove water-soluble components. It is 
preferable to conduct the drying rapidly 

[0091] Although the composition of the solid titanium compound (l-a) or the titanium-containing solid compound (I- 
b) obtained as above varies depending upon presence or absence of another element, amount thereof, washing or non- 
washing., method of drying and degree of drying, the molar ratio (OH/Ti) of a hydroxyl group (OH) to titanium (Ti) is usu- 
20 ally more than 0.09 and less than 4. preferably in the range of 0.1 to 3. more preferably in the range of 0.1 to 2. The 
molar ratio of a hydroxyl group to titanium can be determined by measuring an absorbed water content and a thermally 
desorbed water content, and can be specifically determined in the following manner. 

[0092] In order to determine the hydroxyl group content, the absorbed water content is first measured by a Karl 
Fischer's water content meter. Then, the weight loss on heating up to 600 *'C is measured by thermogravimetric analy- 

25 sis. By heating up to 600 **C, the absorbed water is desorbed. It is considered that the hydroxyl gcoup is eliminated as 
water, and therefore, the absorbed water content is subtracted from the weight loss on heating to obtain the hydroxyl 
group content. The titanium content in the titanium-containing solid compound is determined by a high-frequency 
plasma emission analyzer (Inductively coupled plasma spectroscopy). From the titanium content and the hydroxyl 
group content, the OH/Ti ratio is determined. 

30 [0093] More specifically, in case of, for example, a solid titanium compound prepared using ammonia as a neutral- 
izing agent and having a titanium content of 46 % by weight, an absorbed water content of 6.73 % by weight, a weight 
loss on heating up to 600 •C of 9.67 % by weight, a nitrogen content of 1.3 % by weight and a chlorine content of 14 
ppm, the OH/Ti ratio is calculated as described below. The nitrogen content is analyzed by an all nitrogen microanatyzer 
(chemiluminescence method), and the chlorine content Is analyzed by chromatography. 

35 [0094] The amount by mol of titanium in 100 g of the titanium-containing solid compound is calculated as follows. 

46 (Ti content) -f- 47.88 (atomic weight of Ti) = 0.9607 

[0095] Nitrogen and chlorine in the solid titanium compound are eliminated as ammonia and hydrogen chloride, 
40 respectively, so that the thermally desorbed water content (% by weight) is determined as follows. 

9.67 (weight loss on 600*C heating) • (1 .3 (nitrogen content) x (1 7/14) (in terms of ammonia)) • 
(0.0014 (chlorine content) x (36.5/35.5) (in terms of hydrogen chloride)) = 8.090 

45 

[0096] From the calculation result and the measured value of the absorbed water content, the thermally desorbed 
water content (% by weight) derived from the hydroxyl group is determined as follows. 

8.090-6.73= 1.360 

50 

[0097] From the above, the amount by mol of the hydroxyl group is determined as follows. 

(1.360/18) X 2 = 0.1511 

55 [0098] From the above, the molar ratio (OH/Ti) of the hydroxyl group content to the titanium content in the solid tita- 
nium compound is determined as follows. 

0.1511 0.9607 = 0.157 
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[0099] In the solid titanium compound (l-a) and the titanium-containing solid compound (l-b). the hydroxyl group 
remains even at temperatures at which the polycondensation reaction is performed. e.g.. about 280*C. 
[0100] The fact that the solid titanium compound (l-a) and the titanium-containing solid compound (l-b) have a 
OH/Ti ratio in the above range and that the hydroxyl group remains therein even at temperatures at which the poly- 

5 condensation reaction is performed, e.g.. about 280''C. indicates that the solid titanium compound (l-a) and the tita- 
nium-containing solid compound (l-b) are inherently different from orthotitanic acid (represented by H4Ti04. 
titanium:hydroxyl group (by mol) = 1 :4) refenred to in Japanese Patent Laid-Open Publication No. 57291/1 977 and Jap- 
anese Patent Publication 26597/1972. and are inherently different from titanium oxide used as a catalyst for polyester 
production described in Japanese Patent Laid-Open Publication No. 156595/1975. etc. 

10 [01 01 ] In the titanium-containing solid compound (l-b) according to the invention, the molar ratio (E/Ti) of another 
element (E) to titanium (Ti) is in the range of 1/50 to 50/1 . preferably 1/40 to 40/1 . more preferably 1/30 to 30/1. 
[01 02] In the solid titanium compound (l-a) and the titanium-containing solid compound (l-b) according to the inven- 
tion, the chlorine content is in the range of usually 0 to 1 0000 ppm, preferably 0 to 100 ppm. ' 
[0103] The solid titanium compound (l-a) or the titanium-containing solid compound (l-b) is used in combination 

15 with a co-catalyst (II) comprising the following co-catalyst compound, if desired. 

Co-catalvst compound 

[0104] The co-catalyst compound is a compound of at least one element selected from the group consisting of 
20 beryllium, magnesium, calcium, strontium, barium, boron, aluminum, gallium, manganese, cobalt, zinc, germanium, 
antimony and phosphorus. 

[0105] Examples of the compounds of at least one element selected from the group consisting of beryllium, mag- 
nesium, calcium, strontium, barium, boron, aluminum, gallium, manganese, cobalt, zinc, germanium, antimony and 
phosphorus include aliphatic acid salts of these elements, such as acetates thereof; carbonates, sulfates and nitrates 
25 of these elements; halides of these elements, such as chlorides thereof; acetylacetonato salts of these elements; and 
oxides of these elements. Of these, preferable are acetates and carbonates. 

[0106] Examples of phosphorus compounds include phosphates and phosphites of. at least one metal selected 
from Group 1 and Group 2 of the periodic table, transition metals of Period 4 of the periodic table, zirconium, hafnium 
and aluminum. 

30 [0107] The co-catalyst conpounds employable in the invention are described below more specifically 

[01 08] Examples of aluminum compounds include an aliphatic acid aluminum salt such as aluminum acetate, alu- 
minum carbonate, aluminum chloride, and an acetylacetonato salt of aluminum. Of these, aluminum acetate and alu- 
minum carbonate are particularly preferable. 

[0109] Examples of barium compounds include an aliphatic add barium salt such as barium acetate, barium car- 
35 bonate. barium chloride, and an acetylacetonato salt of barium. Of these, barium acetate and barium carbonate are 
particularly preferable. 

[011 0] Examples of cobalt compounds include an aliphatic acid cobalt salt such as cobalt acetate, cobalt cartion- 
ate. cobalt chloride, and an acetylacetonato salt of cobalt. Of these, cobalt acetate and cobalt carbonate are particularly 
preferable. 

40 [01 1 1 ] Examples of magnesium compounds include an aliphatic acid magnesium salt such as magnesium acetate, 
magnesium carbonate, magnesium chloride, and an acetylacetonato salt of magnesium. Of these, magnesium acetate 
and magnesium carbonate are particularly preferable. 

[01 1 2] Examples of manganese compounds include an aliphatic acid manganese salt such as manganese acetate, 
manganese caitonate. manganese chloride, and an acetylacetonato salt of manganese. Of these, manganese acetate 
45 and manganese carbonate are particularly preferable. 

[01 1 3] Examples of strontium compounds include an aliphatic acid strontium salt such as strontium acetate, stron- 
tium carbonate, strontium chloride, and an acetylacetonato salt of strontium. Of these, strontium acetate and strontium 
carbonate are particularly preferable, 

[0114] Examples of zinc compounds include an aliphatic acid zinc salt such as zinc acetate, zinc carbonate, zinc 
50 Chloride, and an acetylacetonato salt of zinc. Of these, zinc acetate and zinc carbonate are particularly preferable. 
[011 5] Examples of germanium compounds include germanium dioxide and germanium acetate. 
[01 1 6] Examples of antimony compounds include antimony dioxide and antimony acetate. 
[01 1 7] Examples of the phosphates as the phosphorus compounds include lithium phosphate, lithium dihydrogen- 
phosphate. dilithium hydrogenphosphate. sodium phosphate, sodium dihydrogenphosphate. disodium hydrogenphos- 
55 phate, potassium phosphate, potassium dihydrogenphosphate. dipotassium hydrogenphosphate. strontium phosphate, 
strontium dihydrogenphosphate. dislrontium hydrogenphosphate. zirconium phosphate, barium phosphate, aluminum 
phosphate and zinc phosphate. Of these, sodium phosphate, sodium dihydrogenphosphate. disodium hydrogenphos- 
phate. potassium phosphate, potassium dihydrogenphosphate and dipotassium hydrogenphosphate are particularly 
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preferably employed. 

[01 18] The phosphite as the phosphorus compound is a phosphite of at least one metal selected from alkali metals, 
alkaline earth metals, transition metals of Period 4 of the periodic table, zirconium, hafnium and aluminum. Examples 
of the phosphites include lithium phosphite, sodium phosphite, potassium phosphite, strontium phosphite, zirconium 
phosphite, barium phosphite, aluminum phosphite and zinc phosphite. Of these, sodium phosphite and potassium 
phosphite are particularly preferably employed. 

[0119] Of the above co-catalyst compounds, preferable are magnesium compounds, such as magnesium carbon- 
ate and magnesium acetate; calcium compounds, such as calcium carbonate and calcium acetate; and zinc com- 
pounds such as zinc chloride and zinc acetate. 

[01 20] The co-catalyst compounds can be used singly or in combination of two or more kinds as the co-catalyst 
component. 

[0121] The co-catalyst component (II) is desirably used in such an amount that the molar ratio ((ll)/(l-a)) of the metal 
atom in the co-catalyst component (II) to titanium in the solid titanium compound (l-a) or the molar ratio ((ll)/(l-b)) of the 
metal atom in the co-catalyst component (II) to titanium and another element in the titanium-containing solid compound 
( l-b) is in the range of 1/50 to 50/1 . preferably 1/40 to 40/1 . more preferably 1 /30 to 30/1 . When a phosphorus compound 
such as a phosphate or a phosphite is used, the amount thereof is an amount in terms of a metal atom contained in the 
phosphorus compound. 

[0122] The production of a polyester using the above catalyst is carried out by the process described later, and in 
the polycondensation reaction of the process, the solid titanium compound (l-a) or the titanium-containing solid com- 
pound (l b) is desirably used in an amount of 0.001 to 0.2 % by mbl. preferably 0.002 to 0.1 % by mol, in terms of a 
metal atom, based on the aromatic dicarboxylic acid units in the low condensate. 

[0123] When the co-catalyst component (II) is used in addition to the solid titanium compound (l-a) or the titanium- 
containing solid compound (l-b), the co-catalyst component (II) is desirably used in an amount of 0.001 to 0.5 % by mol, 
preferably 0.002 to 0.3 % by mol. in terms of a metal atom, based on the aromatic dicarboxylic acid units in the low con- 
densate. 

[0124] The catalyst for polyester production comprising the solid titanium compound (l-a) and/or the titanium-con- 
taining solid compound (l-b). and optionally, the co-catalyst component (11) is sufficient to be present during the poly- 
condensation reaction. Therefore, the catalyst may by added in any of a starting slurry preparation step, an 
esterification step and a liquid phase polycondensation step. Further, the total amount of the catalyst may be added at 
once, or the catalyst may be added plural times by portions. When the co-catalyst component (11) is used In combina- 
tion, it may be added In a step identical with or different from the step where the solid titanium compound (l-a) or the 
titanium-containing solid compound (l-b) is added. 

[0125] The polyester obtained by the use of the above-mentioned catalyst for polyester production is melt molded 
and used as blow molded articles (e.g.. bottles), sheets, films, fibers, etc.. but it is preferably used as bottles. 
[0126] The catalyst for polyester production described above can produce a polyester with higher catalytic activity 
as compared with a germanium compound or an antimony compound which has been heretofore used as a poly- 
condensation catalyst. Further, when the catalyst for polyester production is used, a polyester having more excellent 
transparency and tint and lower acetaldehyde content can be obtained as compared with the case of using an antimony 
compound as a polycondensation catalyst. 

[0127] Another embodiment of the catalyst tor polyester production according to the Invention comprises a solid 
titanium compound (l-c) and a co-catalyst component (II) described below, or conprises a titanium-containing solid 
compound (l-d) and optionally a co-catalyst component (II) described below. 

Solid titanium compound (l-c). Titanium-containino solid compound (1-d) 

[0128] The solid titanium compound (l-c) of the invention is obtained by hydrolyzing a titanium halide and then 

dehydro-drying the resulting hydrolyzate. 

[01 29] Examples the titanium halides include the same titanium halides as previously described. 

[0130] There is no specific limitation on the method to hydrolyze the titanium halide, and for example, the aforesaid 

methods (1) to (5) used in the preparation of the solid titanium compound (l-a) are available. 

[0131] In the present invention, the method of hydrolysis is not specifically limited as described above, but in each 
method, it is preferable to allow a large excess of water to act on the titanium halide and thereby completely carry out 
the hydrolysis. The temperature for the hydrolysis is usually not higher than 100**C. preferably In the range of 0 to TO'^C. 
[0132] The solid titanium compound (t-c) is used in combination with the aforesaid co-catalyst component (II) com- 
prising the co-catalyst compound. 

[0133] The titanium-containing solid compound (l-d) of the invention is obtained by hydrolyzing a mixture of the tita- 
nium halide and the compound of another element previously desaibed and then dehydro-drying the resulting hydro- 
lyzate. That is, the titanium compound is hydrolyzed in the presence of the compound of another element, and the 
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resulting precipitate is subjected to solid-liquid separation, whereby the titanium-containing solid compound (l-d) is 
obtained. 

[0134] There is no specific limitation on the method to hydrolyze the mixture o1 the titanium halide and the com- 
pound of another element, and for example, the aforesaid methods (1) to (9) used in the preparation of the titanium- 
5 containing solid compound (l-b) are available. 

[0135] In the hydrolysis, the molar ratio (E/Ti) of the element (E) in the compound of another element to titanium 
(Ti) in the titanium halide is desirably in the range of 1/50 to 50/1. The temperature for the hydrolysis is usually not 
higher than 100*C. preferably in the range of 0 to 70'C. 

[0136] When the titanium halide or the mixture of the titanium halide and the compound of another element is 
10 hydrolyzed. the resulting liquid exhibits acidic property by virtue of hydrogen halide produced by the hydrolysis of the 
titanium halide. Because of the acidic property, the hydrolysis is not completed in some cases, so that the aforesaid 
neutralizing base may be added to perform neutralization. At the end point of the neutralization, the pH value is prefer- 
ably not less than 4. and the neutralization is preferably carried out at a temperature of not higher than VO^'C. 
[01 37] By dehydro-drying the hydrolyzate of the titanium halide or the hydrolyzate of the mixture of the titanium hal- 
75 ide and the compound of another element obtained by the hydrolysis (hydrous hydroxide gel or hydrous complex 
hydroxide gel), the solid titanium compound (l-c) or the titanium-containing solid compound (l-d) is obtained. 
[0138] The drying can be can-ied out at ordinary pressure or under reduced pressure in a state of solid phase or a 
state where the gel is suspended in a liquid phase having higher boiling point than water. Although the drying temper- 
ature is not specHically limited, it is preferably not lower than 30«C and lower than 350*C. The hydrous hydroxide gel or 
20 the hydrous complex hydroxide gel may be washed with water before drying, or the solid titanium compound or the tita- 
nium-containing solid compound may be washed wrth water after drying, to remove water-soluble components. It is 
preferable to conduct the drying rapidly 

[01 39] Although the composition of the solid titanium compound ( l-c) or the titanium-containing solid compound (I- 
d) obtained as above varies depending upon presence or absence of another element, amount thereof, washing or non- 
25 washing, method of drying and degree of drying, the molar ratio (OHATi) of a hydroxyl group (OH) to titanium (Ti) is usu- 
ally more than 0 and less than 4. preferably in the range of 0.001 to 3. more preferably in the range of 0.01 to 2. The 
molar ratio of a hydroxyl group to titanium can be determined by the aforesaid method. 

[0140] In the solid titanium compound (l-c) and the titanium-containing solid compound (l-d), the hydroxyl group 
remains even at temperatures at which the polycondensation reaction is performed. e.g.. about 280^C. 
30 [0141] In the titanium-containing solid compound (l-d). the molar ratio (E/Ti) of another element (E) to titanium (Ti) 
is in the range of 1/50 to 50/1 . preferably 1/40 to 40/1 . more preferably 1/30 to 30/1 . 

[0142] In the solid titanium compound (l-c) and the titanium-containing solid compound (l-d), the chlorine content 
is in the range of usually 0 to 10000 ppm. preferably 0 to 100 ppm. 

[0143] The solid titanium compound (l-c) is used in combination with the aforesaid co-catalyst corrponent (II). The 
35 titanium-containing solid compound (l-d) is used in combination with the co-catalyst component (II). if desired. 

[0144] The co-catalyst component (II) is desirably used in such an amount that the molar ratio ((ll)/(l-c)) of the metal 
atom in the co-catalyst component (II) to titanium in the solid titanium compound (l-c) or the molar ratio ((ll)/{l-d)) of the 
metal atom in the co-catalyst component (II) to titanium and another element in the titanium-containing solid compound 
( l-d) is in the range of 1 /50 to 50/1 . preferably 1 /40 to 40/1 . more preferably 1 /30 to 30/1 . When a phosphorus compound 
40 such as a phosphate or a phosphite is used, the amount thereof is an amount in terms of a metal atom contained in the 
phosphorus compound. When a magnesium compound is used as the co-catalyst component (II). the magnesium com- 
pound is desirably used In such an amount that the weight ratio (Mg/(l-c)) of Mg atom in the magnesium compound to 
titanium in the solid titanium compound (l-c) or the weight ratio (Mg/(l-d)) of Mg atom in the magnesium compound to 
titanium and another element in the titanium-containing solid compound (l-d) is not less than 0.01, preferably in the 
45 range of 0.06 to 10. particularly preferably in the range of 0.06 to 5. H the magnesium compound is used in the above 
amount, the resulting polyester has excellent transparency. 

[0145] The production of a polyester using the above catalyst Is canried out by the process described later, and in 
the polycondensation reaction of the process, the solid titanium compound (l-c) or the titanium-containing solid com- 
pound (l-d) is desirably used in an amount of 0.001 to 0.2 % by mol. preferably 0.002 to 0.1 % by mol. in terms of a 
so metal atom, based on the aromatic dicarboxylic acid units in the low condensate. 

[0146] The amount of the co-catalyst component (II). which is used in combination with the solid titanium compound 
(l-c) or which is optionally used when the titanium-containing solid compound (l-d) is used, is desired to be in the range 
of 0.001 to 0.5 % by mol, preferably 0.002 to 0.3 % by mol. in terms of a metal atom, based on the aromatic dicarboxylic 

acid units in the tow condensate. 
55 [0147] The polyester produced by the use of the above catalyst for polyester production, for example, polyethylene 
terephthalate. is excellent in tint, particularly in transparency, and has a low content of acetaldehyde. 
[0148] The polyester obtained by the use of the above catalyst for polyester production can be used as a material 
of various molded products. For example, the polyester is melt molded and used as blow molded articles (e.g.. bottles), 
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sheets, films, fibers, etc., but it is particularly preferably used as bottles. 

[0149] tn order to produce bottles, sheets, films, fibers, etc. from the polyester such as polyethylene terephthalate. 
hitherto known processes are available. 

[0150] The catalyst for polyester production described above can produce a polyester with higher catalytic activity 
5 as compared with a germanium compound or an antimony compound which has been heretofore used as a poly- 
condensation catalyst. Further, when the catalyst for polyester production is used, a polyester having more excellent 
transparency and tint and lower acetaldehyde content can be obtained as compared with the case of using an antimony 
compound as a polycondensation catalyst. Moreover, polyethylene terephthalate obtained by the use of the catalyst for 
polyester production and molded products formed from the polyethylene terephthalate have excellent transparency and 
10 tint and have a low content of acetaldehyde. 

[0151] A further embodiment of the catalyst for polyester production according to the invention comprises a solid 
titanium compound (1-e), a solid titanium compound (l-f), the titanium-containing solid compound (l-g) or a titanium-con- 
taining solid compound (l-h) described below, and optionally, a co-catalyst component (11) described below. 

15 Solid titanium compound (l-e) or (l-f). Titanium-containino solid compound (l-o) or (l-h) 

[0152] The solid titanium compound (1-e) of the invention is obtained by a process comprising bringing a titanium 
halide into contact with water to hydrotyze the titanium halide and thereby obtain an acid solution containing a hydro- 
lyzate of the titanium halide. rendering the solution basic by the use of a base, then adjusting pH of the solution to 2 to 
20 6 by the use of an add, and dehydro-drying the resulting precipitate. The solid titanium compound (l-f) is obtained by a 
process comprising bringing a titanium halide into contact with water to hydrolyze the titanium halide and thereby obtain 
an acid solution containing a hydrolyzate of the titanium halide, adjusting pH of the solution to 2 to 6 by the use of a 
base, and dehydro-drying the resulting precipitate. 

[0153] Examples the titanium halides used for preparing the solid titanium compound (1-e) and the solid titanium 
25 compound (l-f) include the same titanium halides as previously described. 

[0154] In each of the processes to prepare the solid titanium compound (1-e) and the solid titanium compound (l-f). 
there is no specific limitation on the method to hydrolyze the titanium halide. and lor example, the aforesaid methods 
(1) to (5) used In the preparation of the solid titanium compound (l-a) are available. 

[0155] In the present invention, the method of hydrolysis is not specifically limited as described above, but in each 
30 method, it is preferable to allow a large excess of water to act on the titanium halide and thereby completely carry out 
the hydrolysis. The temperature for the hydrolysis is usually not higher than 100*'C, preferably in the range of 0 to lO^'C. 
[0156] By hydrolyzing the titanium halide as desaibed above, an acid solution containing a hydrolyzate of the tita- 
nium halide is obtained. The pH of the acid solution is usually about 1 . 

[0157] In the preparation of the solid titanium compound (1-e), the acid solution containing the hydrolyzate is ren- 
35 dered basic (pH 9 to 1 2. preferably pH 9 to 1 1) by the use of a base and then adjusted to pH 2 to 6. preferably pH 3 to 
6. by the use of an acid. The temperature used herein is usually not higher than 50*C, preferably not higher than 40*C. 
Adjustment of the solution to pH 2 to 6 results in a precipitate. 

[0158] Examples of the bases include ammonia, sodium hydroxide, potassium hydroxide, sodium carbonate and 
potassium carbonate. Of these, ammonia and sodium hydroxide are preferable. Exarrples of the acids include acetic 

'40 acid and nitric acid. Of these, acetic acid is preferable. 

[0159] When the acid solution containing the hydrolyzate is temporarily made basic and then made acidic to form 
a precipitate as descrtoed above, the dehydration after solid-liquid separation can be carried out for a short period of 
time. In addition, nitrogen, sodium, potassium or the like derived from the base hardly remains in the resulting solid tita- 
nium connpound (1-e), and hence this solid titanium compound becomes a catalyst for polyester production having 

45 excellent polycondensation activity and capable of producing a polyester of high quality. 

[0160] In the preparation of the solid titanium compound (l-f), the acid solution containing the hydrolyzate is 
adjusted to pH 2 to 6. preferably pH 3 to 6, by Ihe use o1 a base. The temperature used herein is usually not higher than 
50*^0, preferably not higher than 40*^0. Adjustment of the solution to pH 2 to 6 results in a precipitate. 
[0161] Examples of the bases include the same bases as used in the preparation of the solid titanium compound 

so (1-e). Of these, ammonia and sodium hydroxide are preferable. 

[0162] When the acid solution containing the hydrolyzate is adjusted to pH 2 to 6 to form a precipitate as described 
above, the dehydration after solid-liquid separation can be carried out for a short period of time. In addition, nitrogen, 
sodium, potassium or the like derived from the base hardly remains in the resulting solid titanium compound (l-f), and 
hence this solid titanium compound becomes a catalyst for polyester production having excellent polycondensation 

55 activity and capable of producing a polyester of high quality. 

[0163] In each of the processes to prepare the solid titanium compound (1-e) and the solid titanium compound (l-f), 
pH of the acid solution is adjusted to 2 to 6 to form a precipitate. This precipitate in this stage is a gel of a hydrous 
hydroxide sometimes called "orthotitanic acid". The hydrous hydroxide gel is dehydro-dried to obtain the solid titanium 
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compound (l-e) or the solid titanium compound (l-f) according to the invention. Through the dehydro-drying, a part of 
the hydroxyl groups contained -in the hydrous hydroxide gel are removed. 

[0164] As described above, pH of the acid solution is adjusted to 2 to 6 to form a precipitate, and the precipitate is 
subjected to solid-liquid separation and then dried, whereby the solid titanium compound (l-e) or the solid titanium com- 
5 pound (l-f) is obtained. 

[0165] The drying is carried out at ordinary pressure or under reduced pressure in a state of solid phase or a state 
where the gel is suspended in a liquid phase having higher boiling point than water. Although the drying temperature is 
not specifically limited, it is preferably not lower than 30*'C and lower than SSCC. The hydrous hydroxide gel may be 
washed with water before drying, or the solid titanium compound (l-e) and the solid titanium compound (l-f) may be 

70 washed with water after drying, to remove water-soluble components. It is preferable to conduct the drying rapidly. 
[0166] The titanium-containing solid compound (l-g) is obtained by a process comprising bringing a mixture of a 
titanium halide and the aforesaid compound of another element into contact with water to hydrolyze the titanium halide 
and thereby obtain an acid solution containing a hydrolyzate of the titanium halide. rendering the solution basic by the 
use of a base, then adjusting pH of the solution to 2 to 6 by the use of an acid, and dehydro-drying the resulting precip- 

75 itate. The titanium-containing solid compound (l-h) is obtained by a process comprising bringing a titanium halide and 
a compound of at least one element selected from elements other than titanium or a precursor of the compound into 
contact with water to hydrolyze the titanium halide and thereby obtain an add solution containing a hydrolyzate of the 
titanium halide. adjusting pH of the solution to 2 to 6 by the use of a base, and dehydro-drying the resulting precipitate. 
[0167] Examples the titanium halides used for preparing the titanium-containing solid compound (l-g) and the tita- 

20 nium-containing solid compound (l-h) include the same titanium halides as previously described. 

[0168] The compounds of another element can be used singly or in combination of two or more kinds. 
[0169] In each of the processes to prepare the titanium-containing solid compound (l-g) and the titanium-containing 
solid compound (l-h), there is no specific limitation on the method to hydrolyze the mixture of the titanium halide and 
the compound of another element, and for example, the aforesaid methods (1) to (9) used in the preparation of the tita- 

25 nium-rcontaining solid compound (l-b) are available. 

[0170] In the present invention, the method of hydrolysis is not specifically limited as described above, but in each 
method, it is preferable to allow a large excess of water to act on the mixture of the titanium halide and the.comppund 
of another element and thereby completely carry out the hydrolysis. 

[0171] . In the hydrolysis, the molar ratio (E/Ti) of the element (E) in the compound of another element to titanium 
30 (Ti) in the titanium halide is desirably in the range of 1/50 to 50/1. The temperature for the hydrolysis is usually not 
higher than 100**C, preferably in the range of 0 to 70^C. 

[0172] By hydrolyzing the mixture of the titanium halide and the compound of another element as described above, 
an acid solution containing a hydrolyzate of the titanium halide and the compound of another element Is obtained. The 
pH of the acid solution is usually about 1 . 

35 [0173] In the preparation of the titanium-containing solid compound (l-g). the acid solution containing the hydro- 
lyzate and the compound of another element is rendered basic (pH 9 to 12. preferably pH 9 to 11 ) by the use of a base 
and then adjusted to pH 2 to 6. preferably pH 3 to 6, by the use of an acid. The temperature used herein is usually not 
higher than 50''C, preferably not higher than 40**C. Adjustment of the solution to pH 2 to 6 results in a precipitate. 
[0174] Examples of the bases Include the same bases as used in the preparation of the solid titanium compound 

40 (l-e). Of these, ammonia and sodium hydroxide are preferable. Examples of the acids include the same acids as used 
in the preparation of the solid titanium compound (l-e). Of these, acetic acid is preferable. 

[0175] When the acid solution containing the hydrolyzate and the compound of another element is temporarily 
made basic and then made acidic to form a precipitate as described above, the dehydration after solid-liquid separation 
can be carried out for a short period of time. In addition, nitrogen, sodium, potassium or the like derived from the base 
45 hardly remains in the resulting titanium-containing solid compound (l-g), and hence this titanium-containing solkJ com- 
pound becomes a catalyst for polyester production having excellent polycondensation activity and capable of producing 
a polyester of high quality. 

[0176] In the preparation of the titanium-containing solid compound (l-h). the acid solution containing the hydro- 
lyzate and the compound of another element is adjusted to pH 2 to 6, preferably pH 3 to 6, by the use of a base. The 
so temperature used herein is usually not higher than SCC, preferably not higher than 40''C. Adjustment of the solution to 
pH 2 to 6 results in a precipitate. 

[0177] Examples of the bases include the same bases as used in the preparation of the solid titanium compound 
(l-e). Of these, ammonia and sodium hydroxide are preferable. 

[0178] When the acid solution containing the hydrolyzate ^nd the compourtd of another element is adjusted to pH 
55 2 to 6 to form a precipitate as described above, the dehydration after solid-liquid separation can be carried out for a 
short period of time. In addition, nitrogen, sodium, potassium or the like derived from the base hardly remains in the 
.resulting titanium-containing solid compound (l-h). and hence this titanium-containing solid compound becomes a cat- 
alyst for polyester production having excellent polycondensation activity and capable of producing a polyester of high 
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quality. 

[0179] In each of the processes to prepare the titanium-containing solid compound (l-g) and the titanium-containing 
solid compound (l-h). pH of the acid solution is adjusted to 2 to 6 to form a precipitate. This precipitate in this stage is 
a hydrous corrplex hydroxide gel containing a hydrous hydroxide sometimes called "orthotitanic acid". The hydrous 
5 complex hydroxide gel is dehydro-dried to obtain the titanium-containing solid compound (l-g) or the titanium-containing 
solid compound (l-h) according to the invention. Through the dehydro-drying, a part of the hydroxyl groups contained 
In the hydrous complex hydroxide gel are removed. 

[0180] The drying is carried out at ordinary pressure or under reduced pressure in a state of solid phase or a state 
where the gel is suspended In a liquid phase having higher boiling point than water. Although the drying temperature is 
70 not specifically limited, it is preferably not lower than 30°C and lower than 350*'C. The hydrous complex hydroxide gel 
may be washed with water before drying, or the titanium-containing solid compound (l-g) and the titanium-containing 
solid compound (l-h) may be washed with water after drying, to remove water-soluble components. It is preferable to 
conduct the drying rapidly. 

[0181] Although the connposition of the solid titanium compound (l-e). the solid titanium compound (l-f), the tita- 
15 nium-containing solid compound (l-g) or the titanium-containing solid compound (l-h) obtained as above varies depend- 
ing upon presence or absence of another element, amount thereof, washing or non-washing, method of drying and 
degree of drying, the molar ratio (OH/Ti) of a hydroxyl group (OH) to titanium (Ti) is usually more than 0.09 and less 
than 4. preferably in the range of 0.1 to 3. more preferably in the range of 0.1 to 2. The molar ratio of a hydroxyl group 
to titanium can be determined by measuring an absorbed water content and a thermally desorbed water content, spe- 
20 cifically by the aforesaid method. 

[0182] In the solid titanium compound (l-e). the solid titanium compound (l-f), the titanium-containing solid com- 
pound (l-g) and the titanium-containing solid compound ( l-h), the hydroxyl group remains even at temperatures at which 
the polycondensation reaction is performed, e.g., about 280°C. 

[0183] In the titanium-containing solid compound (l-g) and the titanium-containing solid compound (l-h), the molar 
25 ratio (E/TI) of another element (E) to titanium (Ti) is in the range of 1 /SO to 50/1 . preferably 1 /40 to 40/1 . more preferably 
1/30 to 30/1. 

[0184] In the solid titanium compound (l-e). the solid titanium compound (l-f), the titanium-containing solid com- 
pound (l-g) and the titanium-containing solid compound (l-h). the chlorine conteht is in the range of usually 0 to 10000 
ppm. preferably 0 to 100 ppm. 

30 [0185] Examples' of the co-catalyst components (II) optionally used in combination with the solid titanium com- 
pound (l-e), the solid titanium compound (l-f), the titanium-containing solid compound (l-g) or the titanium-containing 
solid compound (l-h) include the same co-catalyst compounds as previously described. Of these, preferable are mag- 
nesium compounds such as magnesium carbonate and magnesium acetate; calcium compounds such as calcium car- 
bonate and calcium acetate: and zinc compounds such as zinc chloride and zinc acetate. The co-catalyst compounds 

35 can be used singly or in combination of two or more kinds. 

[0186] The co-catalyst component (II) is desirably used in such an amount that the molar ratio ((ll)/(l-e) or (l-f)) of 
the metal atom in the co-catalyst component (II) to titanium in the solid titanium compound (l-e) or the solid titanium 
compound (l-f) or the molar ratio ((ll)/(l-g) or (l-h)) of the metal atom in the co-catalyst component (II) to titanium and 
another element in the titanium-containing solid compound (l-g) or the titanium-containing solid compound (l-h) is In the 

40 range of 1 /50 to 50/1 , preferably 1 /40 to 40/1 . more preferably 1 130 to 30/1 . When a phosphorus compound such as a 
phosphate or a phosphite is used, the amount thereof is an amount in terms of a metal atom contained in the phospho- 
rus compound. When a magnesium compound is used as the co-catalyst component (II). the magnesium compound is 
desirably used in such an amount that the weight ratio (Mg/(l-e) or (l-f)) of Mg atom in the magnesium compound to tita- 
nium in the solid titanium compound (l-e) or the solid titanium compound (l-f) or the weight ratio (Mg/(l-g) or (l-h)) of Mg 

45 atom in the magnesium compound to titanium and another element in the titanium-containing solid compound (l-g) or 
the titanium-containing solid compound (l-h) is not less than 0.01. preferably in the range of 0.06 to 10, particularly pref- 
erably in the range of 0.06 to 5. If the magnesium compound is used in the above amount, the resulting polyester has 
excellent transparency. 

[0187] The production of a polyester using the above catalyst is carried out by the process described later, and in 
50 the polycondensation reaction, the solid titanium compound (l-e), the solid titanium compound (l-f), the titanium-con- 
taining solid compound (l-g) or the titanium-containing solid compound (l-h) is desirably used in an amount of 0.001 to 
0.2 % by mol, preferably 0.002 to 0. 1 % by mol. in terms of a metal atom, leased on the aronratic dicarboxylic acid units 
in the low condensate. 

[0188] When the co-catalyst component (II) is used in addition to the solid titanium compound (l-e). the solid ttta- 
55 nlum compound (l-f). the titanium-containing solid conrpound (l-g) or the titanium-containing solid compound (l-h), the 
amount of the co-catalyst component (II) is desired to be in the range of 0.001 to 0.5 % by mol, preferably 0.002 to 0.3 
% by mol, in terms of a metal atom, based on the aromatic dicarboxylic acid units in the low condensate. 
[0189] The catalyst comprising one of the solid titanium compound (l-e). the solid titanium compound (l-f). the tita- 
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nium-contalning solid compound (l-g) and the titanium-containing solid compound (l-h), and optionally, the co-catalyst 
component (II) is sufficient to be present during the polycondensation reaction. Therefore, the catalyst may by added in 
any of a starting slurry preparation step, an esterif ication step and a liquid phase polycondensation step. Further, the 
total amount of the catalyst may be added at once, or the catalyst may be added plural times by portions. When the co- 
5 catalyst component (II) is used in combination, it may be added in a step identical with or different from the step where 
the solid titanium compound (l-e), the solid titanium compound (l-f), the titanium-containing solid compound (l-g) or the 
titanium-containing solid compound (i-h) is added. 

[01901 The catalyst for polyester production, particularly a catalyst comprising the solid titanium compound (l-e). 
the solid titanium compound (l-f). the titanium-containing solid compound (l-g) or the titanium-containing solid com- 

10 pound (I-h) and the co-catalyst component (II) that is a magnesium compound, is favorable as a catalyst for producing 
polyethylene terephthalate. In order to produce polyethylene terephthalate using the catalyst comprising the solid tita- 
nium compound (l-e), the solid titanium compound (l-f). the titanium-containing solid compound (l-g) or the titanium- 
containing solid compound (I-h) and the magnesium compound, for example, terephthallc acid or an ester-forming 
derivative thereof, ethylene glycol or an ester-forming derivative thereof, and optionally, an aromatic dicarboxylic acid 

J5 other than terephthallc acid and/or an aliphatic diol other than ethylene glycol are used as starting materials, and they 
are subjected to esteriffication, liquid phase polycondensation, and if necessary, solid phase polycondensation in 
accordance with the process described later. 

[0191] In the production of polyethylene terephthalate, terephthalic acid or an ester-forming derivative thereof Is 

used in an amount of not less than 80 % by mol, preferably not less than 90 % by mol, based on 100 % by mol of the 
20 aromatic dicarboxylic acids, and ethylene glycol or an ester-forming derivative thereof Is used in an amount of not less 

than 80 % by mol, preferably not less than 90 % by mol, based on 100 % by mol of the aliphatic diols. 

[0192] In the resulting polyethylene terephthalate. the titanium content is preferably In the range of 1 to 200 ppm. 

particularly 1 to 100 ppm. and the magnesium content is preferably in the range of 1 to 200 ppm, particularly 1 to 100 

ppm. The weight ratio (t^gn*i) of magnesium to titanium contained in the polyethylene terephthalate is desired to be not 
25 less than 0.01, preferably 0.06 to 10. particularly preferably 0.06 to 5. In the polyethylene terephthalate. further, the 

chlorine content is in the range of 0 to 1000 ppm. preferably 0 to 100 ppm. 

[0193] The polyethylene terephthalate is excellent in tint, particularly in transparency, and has a low content of 
acetaldehyde. Such polyethylene terephthalate is particularly preferably used for bottles. 

[0194] The polyester obtained by the use of the above catalyst for polyester production can be used as a material 
30 of various molded products. For example, the polyester is melt molded and used as blow molded articles (e.g.. bottles), 
sheets, films, fibers, etc.. but it is particularly preferably used as bottles. 

[0195] In order to produce bottles, sheets, films, fibers, etc. from the polyester such as polyethylene terephthalate, 

hitherto known processes are available. 

[0196] The catalyst for polyester production described above can produce a polyester with higher catalytic activity 
35 as compared with a germanium compound or an antimony compound which has been heretofore used as a poly- 
condensation catalyst. Further, when the catalyst for polyester production Is used, a polyester having more excellent 
transparency and tint and lower acetaldehyde content can be obtained as compared with the case of using an antimony 
compound as a polycondensation catalyst. 

[0197] A still further embodiment of the catalyst for polyester production according to the invention comprises a 
40 solid titanium compound (l-i) described below and if necessary a co-catalyst component (II) described below. 

Solid titanium compound n-il 

[01 98] The solid titanium compound (l-i) of the invention Is obtained by dehydro-drying titanium hydroxide. The tita- 
45 nium hydroxide can be obtained by, for example, hydrolyzing a titanium compound. 

[0199] The titanium compound used for the hydrolysis is, for example, a titanium halide or a titanium alkoxide. 
[0200] Examples of the titanium halldes Include the same titanium halides as previously described. Examples of the 
titanium alkoxides include titanium butoxide and titanium tetraisopropoxide. 

[0201 ] It is a preferred embodiment of the present Invention to use a titanium halide as the titanium compound. The 
50 method of hydrolyzing the titanium halide Is described below in detail, and hydrolysis of the titanium alkoxide can be 
carried out in a manner similar to that desaibed below. 

[0202] There is no specific limitation on the method to hydrolyze the titanium halide, and for example, the aforesaid 
methods (1) to (5) used in the preparation of the solid titanium compound (1-a) are available. 
[0203] In the present invention, the method of hydrolysis is not specifically limited as described above, but in each 
55 method, it is preferable to allow a large excess of water to act on the titanium halide and thereby completely carry out 
the hydrolysis. 

[0204] The temperature for the hydrolysis is usually not higher than 60*C, preferably in the range of 0 to 50**C. 
When the hydrolysis is carried out at the above temperature, a solid titanium compound having a tow crystallinity tends 
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to be obtained. 

. [0205] In the hydrolysis of the titanium haiide. the compound of another element previously described may be 
present. The compounds of another element can be used singly or in combination of two or more kinds. 
[0206] in the hydrolysis, the molar ratio (E/Ti) of another element (E) in the compound of another element to tita* 
5 nium (Tl) in the titanium halide is desirably in the range of 1/50 to 50/1 . The temperature for the hydrolysis is usually not 
higher than 60**C, preferably in the range of 0 to SO^'C. When the hydrolysis is candied out at the above temperature, a 
solid titanium compound having a low crystallinity tends to be obtained. 

[0207] When the titanium haiide is hydrolyzed, the resulting liquid exhibits acidic property by virtue of hydrogen hal- 
ide produced by the hydrolysis of the titanium halide. Because of the acidic property, the hydrolysis is not completed in 
70 some cases, so that the aforesaid neutralizing base may be added to perform neutralization. At the end point of the neu- 
tralization, the pH value is preferably not less than 4, and the neutralization is desirably carried out at a temperature of 
not higher than 60"C, preferably 0 to 50°C. When the neutralization is carried out at the above temperature, a solid tita- 
nium compound having a low crystallinity tends to be obtained. 

[0208] The compound containing titanium or the compound containing titanium and another element obtained by 
15 the hydrolysis is, in this stage, a gel of a hydrous hydroxide (sometimes called "orthotitanic add"). 

[0209] In the present invention, the hydrous hydroxide gel is dehydro-dried to give a solid hydrolyzate (solid titanium 
compound). Through the drying, a part of hydroxyl groups are removed. 

[021 0] Drying of the hydrolyzate can be carried out at ordinary pressure or under reduced pressure in a state of 
solid phase or a stale where the hydrolyzate is suspended in a liquid phase having higher boiling point than water. 
20 Although the drying temperature is not specifically limited, it is preferably not lower than 30°C and lower than 350*C, 
particularly preferably in the range of 30 to 200*^0. When the drying of the hydrolyzate is canied out at the above tem- 
perature, a solid titanium compound having a low crystallinity tends to be obtained. 

[021 1 ] The hydrous hydroxide gel may be washed with water before drying, or the solid titanium compound may be 
washed with water after drying, to remove water-soluble components. It is preferable to conduct the drying rapidly. 
25 [021 2] The solid titanium compound ( l-i) thus obtained has a crystallinity, as calculated from an X-ray diffraction pat- . 
tern having 26 (diffraction angle) of 18** to 35', of not more than 50 %. preferably not more than 45 %, particularly pref- 
erably not more than 40 %. or is amorphous. The solid titanium compound having the above crystallinity exhibits 
excellent activity as a polycondensation catalyst used for polyester production. 

[0213] The crystallinity of the solid titanium compound (I-i) is measured by. for example, the following method. 
30 [0214] In Fig. 1 . X-ray diffraction patterns to explain a method of measuring a crystallinity of a solid titanium com- 
pound are shown. 

[0215] An X-ray diffraction pattern (Fig. 1(A)) of a sample and an X-ray diffraction pattern (Fig. 1(B)) of an amor- 
phous solid titanium compound are measured. Under the conditions that the base line is taken between 18° and 35° 
and the position of 26 (= 28.5°, being a position which does not hinder the crystal peak) of the X-ray diffraction pattern 

35 of the amorphous solid titanium compound is taken as a base, the pattern of Fig. 1(B) is reduced in the intensity direc- 
tion so as to be overlapped with the X-ray diffraction pattern of the sample, whereby a pattern of Fig. 1 (C) is drawn. 
[021 6] From the thus synthesized pattern, an area (Iq) of the X-ray diffraction pattern (except the background) of the 
sample within the diffraction angle range of 18° to 35° and an area (y of the X-ray diffraction pattern (except the back- 
ground) of the amorphous solid titanium compound within the diffraction angle range of 18° to 35° are measured, and 

40 the crystallinity (%) is determined as a value of (Iq-UM^o)^^^^- 

[0217] /Mthough the composition of the solid titanium compound (l-i) varies depending upon presence or absence 
of another element, amount thereof, washing or non-washing, method of drying and degree of drying, the molar ratio 
(OH/Ti) of a hydroxyl group (OH) to titanium (Ti) is usually more than 0.09 and less than 4. preferably in the range of 
0.1 to 3, more preferably in the range of 0.1 to 2, from the viewpoint of polymerization activity. The molar ratio of a 

45 hydroxyl group to titanium can be determined by measuring an absorbed water content and a thermally desorbed water 
content, and can be specifically determined by the aforesaid method. 

[0218] When the solid titanium compound (l-i) contains another element, the molar ratio (E/Ti) of another element 
(E) to titanium (Ti) in this compound is in the range of 1/50 to 50/1 , preferably 1/40 to 40/1 , more preferably 1/30 to 30/1 . 
[021 9] In the solid titanium compound (l-i). the chlorine content is in the range of usually 0 to 1 0000 ppm, preferably 
50 0 to 100 ppm. 

[0220] In the solid titanium compound (l-i). the hydroxyl group remains even at temperatures at which the poly- 
condensation reaction is performed, e.g., about 280°C. 

[0221 ] The solid titanium connpound (l-i) is used in combination with a co-catalyst component (11). if desired. Exam- . 
pies of the co-catalyst components (II) optionally used in combination include the skme co-catalyst compounds as pre- 
ss viously described. Of these, preferable are magnesium compounds such as magnesium carbonate and magnesium 
acetate; calcium compounds such as calcium carbonate and calcium. acetate; and zinc compounds such as zinc chlo- 
ride and zinc acetate. The co-catalyst compounds can be used singly or in combination of two or more kinds. 
[0222] The co-catalyst component (II) is desirably used in such an amount that the molar ratio ((ll)/(l'i)) of the metal 
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atom in the co-catalyst component (II) to titanium (and another element if the solid titanium compound (1-i) contains 
another element) in the solid titanium compound (l-i) in the range of 1/50 to 50/1 . preierably 1/40 to 40/1 . more prefer- 
ably 1/30 to 30/1 . When a phosphorus compound such as a phosphate or a phosphite is used, the amount thereof is 
an amount in terms of a metal atom contained in the phosphorus compound. 
5 [0223] The production of a polyester using the above catalyst for polyester production is carried out by the process 
described later, and in the polycondensation reaction, the solid titanium compound (l-i) is desirably used in an amount 
of 0.001 to 0.2 % by mol, preferably 0.002 to 0.1 % by mol. in terms of a metal atom, based on the aromatic dicarboxylic 
acid units in the low condensate. 

[0224] When the co-catalyst component (II) is used in addition to the solid titanium compound (l-i). the amount of 
10 the co-catalyst component (II) is desired to be in the range of 0.001 to 0.5 % by mol. preferably 0.002 to 0.3 % by mol, 
in terms of a metal atom, based on the aromatic dicarboxylic acid units in the low condensate. 
[0225] The catalyst comprising the solid titanium compound (l-i) and optionally the co-catalyst component (II) is suf- 
ficient to be present during the polycondensation reaction. Therefore, the catalyst may by added in any of a starting 
slurry preparation step, an esterification step and a liquid phase polycondensation step. Further, the total amount of the 
75 catalyst may be added at once, or the catalyst may be added plural times by portions. When the co-catalyst component 
(II) is used in combination, it may be added in a step identical with or different from the step where the solid titanium 
compound (l-i) is added. 

[0226] The polyester obtained by the use of the above catalyst for polyester production, preferably polyethylene 
terephthalate. is melt molded and used as blow molded articles (e.g.. bottles), sheets, films, fibers, etc.. but It is partic- 

20 ularly preferably used as bottles. , ^ 

[0227] The catalyst for polyester production described above can produce a polyester with higher catalytic activity 
as compared with a germanium compound or an antimony compound which has been heretofore used as a poly- 
condensation catalyst. Further, when the catalyst for polyester production is used, a polyester having more excellent 
transparency and tint and lower acetaldehyde content can be obtained as compared with the case of using an antimony 

25 connpound as a polycondensation catalyst. 

10228] A still further embodiment of the catalyst for polyester production according to the invention comprises a 

slurry obtained by heating a mixture of : 

(A-1) a hydrolyzate (l-j) obtained by hydrolyzing a titanium compound or a hydrolyzate (l-k) obtained by hydrolyzing 
30 a mixture of a titanium compound and a compound of at least one element selected from elements other than tita- 
nium or a precursor of the compound (each hydrolyzate sometimes being referred to as a "titanium-containing 
hydrolyzate ( A-1 )" hereinafter). 

(B) a basic compound, and 

(C) an aliphatic diol. 
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Hvdrolvzate (l-j). Hydrolyzate (\-k) 



[0229] The hydrolyzate (l-j) is obtained by hydrolyzing a titanium compound, and the hydrolyzate (l-k) is obtained 
by hydrolyzing a mixture of a titanium compound and the aforesaid compound of another element. 
40 [0230] The titanium compound used for the hydrolysis is. for example, a titanium alkoxide or a titanium halide. and 
particular exanrrples thereof include the same compounds previously described. 

[0231 ] ft is a preferred embodiment of the present invention to use a titanium halide as the titanium compound. The 
method of preparing the titanium-containing hydrolyzate using a titanium halide as the titanium compound is described 
below in detail, and preparation of a hydrolyzate of a titanium alkoxide can be carried out in a manner similar to that 
45 described below, 

[0232] There is no specific limitation on the method to hydrolyze the titanium halide. and for example, the aforesaid 
methods (1) to (5) used in the preparation of the solid titanium compound (l-a) are available. 

[0233] In the present invention, the method of hydrolysis is not specifically limited as described above, but in each 
method, it is preferable to allow a large excess of water to act on the titanium halide and thereby completely carry out 
the hydrolysis. The temperature for the hydrolysis is usually not higher than 100*C. preferably in the range of 0 to 70^C. 
[0234] The titanium-containing hydrolyzate (A-1) may be a hydrolyzate obtained by hydrolyzing a mixture of the tita- 
nium halide and the aforesaid compound of another element. That is. this hydrolyzate is obtained by hydrolyzing the 
titanium halide in the presence of the compound of another element. The compounds of another element can be used 
singly or in combination of two Or more kinds. 

[0235] There Is no specific limitation on the method to hydrolyze the mixture of the titanium halide and the com- 
pound of another element, and for example, the aforesaid methods (1) to (9) used in the preparation of the titanium- 
containing solid compound (l-b) are available. 

[0236] In the hydrolysis, the molar ratio (E/Ti) of the element (E) in the compound of another element to titanium 
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(Ti) in the titanium halide is desirably in the range of 1/50 to 50/1. The temperature for the hydrolysis is usually not 
higher than 100°C. preferably in the range of 0 to 70°C. 

[0237] When the titanium halide or the mixture of the titanium halide and the compound of another element is 
hydrolyzed, the resulting liquid exhibits acidic property by virtue of hydrogen halide produced by the hydrolysis of the 

5 titanium halide. Because of the acidic property, the hydrolysis is not completed in some cases, so that the aforesaid 
neutralizing base may be added to perform neutralization. At the end point of the neutralization, the pH value is prefer- 
ably not less than 4. and the neutralization is preferably carried out at a temperature of not higher than TO^C. 
[0238] The hydrolyzate (hydrous hydroxide gel or hydrous complex hydroxide gel) obtained by the hydrolysis can 
be per se used as a potycondensation catalyst, but the hydrolyzate Is preferably dehydro-dried to give a solid hydro- 

70 lyzate (titanium-containing solid compound (l-k)). 

[0239] Drying of the hydrolyzate can be carried out at ordinary pressure or under reduced pressure in a state of 
solid phase or a state where the hydrolyzate is suspended in a liquid phase having higher boiling point than water. 
Although the drying temperature is not specifically limited, It is preferably not lower than 30*C and lower than 350°C. 
The hydrous hydroxide gel or the hydrous complex hydroxide gel may be washed with water before drying, or the tita- 

75 nium-containing solid compound (l-k) may be washed with water after drying, to remove water-soluble components. It 
is preferable to conduct the drying rapidly. 

[0240] Although the composition of the titanium-containing solid compound (l-k) varies depending upon presence 
or absence of another element, amount thereof, washing or non-washing, method of drying and degree of drying, the 
molar ratio (OH/Ti) of a hydroxy! group (OH) to titanium (Ti) is usually more than 0.09 and less than 4, preferably in the 
20 range of 0.1 to 3, more preferably in the range of 0.1 to 2, from the viewpoint of polymerization activity. The molar ratio 
of a hydroxy! group to titanium can be determined by the aforesaid method. 

[0241] In the titanium-containing solid compound (l-k). the hydroxyl group remains even at temperatures at which 
the polycondensation reaction is performed, e.g., about 280°C. 

[0242] When the titanium-containing solid compound (l-k) contains another element, the molar ratio (E/Ti) of 
25 another element (E) to titanium (Ti) in this compound is in the range of 1/50 to 50/1 . preferably 1/40 to 40/1 , more pref- 
erably 1/30 to 30/1. 

[0243] In the titanium-containing hydrolyzate (A-1 ) such as the hydrous hydroxide gel. the hydrous complex hydrox- 
ide gel or the titanium-containing solid compound (l-k), the chlorine content is in the range of usually 0 to 10000 ppm. 
preferably 0 to 1 00 ppm. 

30 

Basic compound (B) 

[0244] The basic compound (B) is a compound which exhibits basic property In its aqueous solution, and examples 
of such compounds include tetraethylammonium hydroxide, tetramethylammonium hydroxide, aqueous ammonia, 
25 sodium hydroxide, potassium hydroxide, N-ethylmorpholine and N-methylmorpholine. Of these, tetraethylammonium 
hydroxide is preferable. 

Aliphatic diol (C) 

40 [0245] Examples of the aliphatic diols (C) include ethylene glycol, trimethylene glycol, propylene glycol, tetrameth- 
ylene glycol, neopentyl glycol, hexamethylene glycol and dodecamethylene glycol. Of these, ethylene glycol is prefera- 
bly employed. 

[0246] The catalyst for polyester production according to the invention is obtained as a slurry by heating a mixture 
of the titaniunn-containing hydrolyzate (A-1), the basic compound (B) and the aliphatic did (C). 
45 [0247] In the mixture liquid, the titanium-containing hydrolyzate (A-1) is contained in an amount of 0.05 to 30 % by 
weight, preferably 0.1 to 20 % by weight, more preferably 0.5 to 15% by weight, the basic compound (B) is contained 
in an amount of 0.5 to 50 % by weight, preferably 1 to 40 % by weight, more preferably 2 to 30 % by weight, and the 
residue is the aliphatic diol. 

[0248] When the amount of the titanium-containing hydrolyzate (A-1 ) is not less than 0.05 % by weight, the amount 
50 of the aliphatic diol (C) can be decreased, whereby the polymerization rate becomes high. When the amount of the tita- 
nium-containing hydrolyzate is not more than 30 % by weight, coloring of the mixture is little during the heating, and as 
a result, the tint of a polyester produced by the use of this catalyst becomes good. 

[0249] When the amount of the basic compound (B) is not less than 0.5 % by weight, the catalytic activity is 
enhanced. When the amount of the basic compound is not more than 50 % by weight, coloring of the mixture is little 
55 during the heating. 

[0250] The heating tenperature of the mixture is in the range of usually 100 to SOO^'C, preferably 120 to 250''C. 
more preferably 140 to 200°G. and the heating time is in the range of 5 minutes to 10 hours, preferably 30 minutes to 8 
hours. 
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10251 ] The production of a polyester using the above catalyst for polyester production is canried out by the process 
described later, and the catalyst for polyester production is used in an amount of usually 0.0005 to 0.2 % by weight, pref- 
erably 0.001 to 0.05 % by weight, in terms of weight of a metal in the catalyst, based on the weight of the mixture of the 
aromatic dicarboxylic acid and the aliphatic diol. 
5 [0252] The catalyst for polyester production can be fed to the polymerization reactor in the esterif ication reaction 
step, or can be fed to the reactor in the first stage of the polycondensation reaction step. 

[0253] In addition to the catalyst for polyester production of the invention, the aforesaid co-catalyst compound can 
be used as a co-catalyst component. Preferred examples of the co-catalyst components Include magnesium com- * 
pounds such as magnesium carbonate and magnesium acetate; calcium compounds such as calcium carbonate and 
10 calcium acetate; and zinc compounds such as zinc chloride and zinc acetate. The co-catalyst compounds can be used 
singly or in combination of two or more kinds. 

[0254] The co-catalyst component is desirably used in such an amount that the molar ratio ((M)/(Ti)) of the metal 
atom (M) in the co-catalyst component to titanium (and another element if the catalyst contains another element) (Tl) in 
the catalyst for polyester production is in the range of 1 /50 to 50/1 . preferably 1/40 to 40/1 . more preferably 1/30 to 30/1 . 
IS When a phosphorus compound such as a phosphate or a phosphite is used, the amount thereof is an amount in terms 
of a metal atom contained in the phosphorus compound. 

[0255] The co-catalyst component can be fed to the polymerization reactor in the esterif ication reaction step, or can 
be fed to the reactor in the first stage of the liquid phase polycondensation reaction step. When the co-catalyst compo- 
nent is fed in the esterif ication reaction step, the co-catalyst component can be added at the same time as the catalyst 

so for polyester production or separately 

[0256] When the catalyst for polyester production Is used, a polyester having a desired intrinsic viscosity is obtained 

for a short period of time. 

[0257] A still further embodiment of the catalyst for polyester production according to the invention comprises: 

25 (A-2) a hydrolyzate (1-m) obtained by hydrolyzing a titanium halide or a hydrolyzate (l-n) obtained by hydrolyzing a 
mixture of a titanium halide and a compound of at least one element selected from elements other than titanium or 
a precursor of the compound (each hydrolyzate sometimes being referred to as a "titanium-containing hydrolyzate 
(A-2)" hereinafter), and 

(D) a metallic phosphate containing at least one element selected from beryllium, magnesium, calaum. strontium. 
30 boron, aluminum, gallium, manganese, cobalt and zinc; 
or comprises a slurry obtained by heating a mixture of: 

(A-2) a hydrolyzate (l-m) obtained by hydrolyzing a titanium halide or a hydrolyzate (l-n) obtained by hydrolyzing a 
mixture of a titanium halide and a compound of at least one element selected from elements other than titanium or 

a precursor of the compound. 

35 (E) a metallic compound containing at least one element selected from beryllium, magnesium, calcium, strontium, 
boron, aluminum, gallium, manganese, cobalt and zinc, 

(F) at least one phosphorus compound selected from phosphoric acid and phosphoric esters, and 

(G) an aliphatic diol. 

40 Hydrolyzate (l-m). Hydroly zate M-n^ 

[0258] The hydrolyzate (l-m) is obtained by hydrolyzing a titanium halide, and the hydrolyzate (l-n) is obtained by 
hydrolyzing a mixture of a titanium halide and the aforesaid compound of another element. 

[0259] Examples of the titanium halides employable for the preparation of the titanium-containing hydrolyzate (A-2) 
45 include the same titanium halides as previously described. 

[0260] There Is no specif ic limitation on the method to hydrolyze the titanium halide, and for example, the aforesaid 
methods (1 ) to (5) used in the preparation of the solid titanium compound (l-a) are available. 

[0261 ] In the present invention, the method of hydrolysis is not specifically Rmited as described above, but in each 
method, it is preferable to allow a large excess of water to act on the titanium halide and thereby completely carry out 

50 the hydrolysis. The temperature for the hydrolysis is usually not higher than 100'C. preferably in the range of 0 to TO^'C. 
[0262] The titanium-containing hydrolyzate (A-2) may be a hydrolyzate obtained by hydrolyzing a mixture of the tita- 
nium halide and the aforesaid compound of another element. That is. this hydrolyzate is obtained by hydrolyzing the 
titanium halide in the presence of the compound of another element. The compounds of another element can be used 
singly or in combination of two or more kinds. 

55 [0263] There is no specific limitation on the method to hydrolyze the mixture of the titanium halide and the com- 
pound of another element, and for example, the aforesaid methods (1) to (9) used in the preparation of the titanium- 
containing solid compound (l-b) are available. 

[0264] In the hydrolysis, the molar ratio (E/Ti) of the element (E) in the compound of another element to titanium 
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(Ti) in the titanium lialide Is desirably in the range of 1/50 to 50/1. The temperature for the hydrolysis is usually not 
higher than lOO^'C, preferably in the range of 0 to 70**C. 

[0265] When the titanium halide or the mixture of the titanium hallde and the compound of another element is 
hydrolyzed, the resulting liquid exhibits acidic property by virtue of hydrogen halide produced by the hydrolysis of the 

5 titanium halide. Because of the acidic property, the hydrolysis is not completed in some cases, so that the aforesaid 
neutralizing base may be added to perform neutralization. At the end point of the neutralization, the pH value is prefer- 
ably not less than 4. and the neutralization is preferably carried out at a temperature of not higher than yo^'C. 
[0266] The hydrolyzate (hydrous hydroxide gel or hydrous complex hydroxide gel) obtained by the hydrolysis can 
be per se used as a polycondensation catalyst, but the hydrolyzate is preferably dehydro-dried to give a solid hydro- 

70 lyzate (titanium-containing solid compound (A-2)). 

[0267] Drying of the hydrolyzate can be carried out at ordinary pressure or under reduced pressure in a state of • 
solid phase or a state where the hydrolyzate is suspended in a liquid phase having higher boiling point than water. 
Although the drying temperature is not specifically limited, it is preferably not lower than 30*C and lower than SSCC. 
The hydrous hydroxide gel or the hydrous complex hydroxide gel may be washed with water before drying, or the tita- 

15 nium-containing solid compound (A-2) may be washed with water after drying, to remove water-soluble components. It 
is preferable to conduct the drying rapidly. 

[0268] /^though the composition of the titanium-containing solid compound (A-2) obtained above varies depending 
upon presence or absence of another element, amount thereof, washing or non-washing, method of drying and degree 
of drying, the molar ratio (OH/Ti) of a hydroxy! group (OH) to titanium (Ti) is usually more than 0.09 and less than 4, 
20 preferably In the range of 0.1 to 3, more preferably in the range of 0. 1 to 2, from the viewpoint of polycondensation activ- 
ity. The molar ratio of a hydroxy! group to titanium can be determined by the aforesaid method. 
[0269] in the titanium-containing solid compound (A-2). the hydroxyl group rennains even at tenperatures at which 
the polycondensation reaction is performed, e.g., about 280**C. 

[0270] When the titanium-containing solid compound (A-2) contains another element, the molar ratio (E/Ti) of 
25 another element (E) to titanium (Ti) in this compound is in the range of 1/50 to 50/1 , preferably 1/40 to 40/1 . more pref- 
erably 1/30 to 30/1. 

[0271 ] In the titanium-containing hydrolyzate (A-2) such as the hydrous hydroxide gel. the hydrous complex hydrox- 
ide gel or the titanium-containing solid compound (A-2). the chlorine content is in the range of usually 0 to 10000 ppm, 
pref erat)ly 0 to 1 00 ppm. 

30 

Metallic phosphate (D) 

[0272] The metallic phosphate (D) is a compound containing at least one element selected from beryllium, magne- 
sium, calcium, strontium, boron, aluminum, gallium, manganese, cobalt and zipc. 
35 [0273] Examples of the metallic phosphates (D) include: 

magnesium phosphates, such as magnesium hydrogenphosphate. trimagnesium diphosphate and magnesium 
phosphite; 

calcium phosphates, such as calcium hydrogenphosphate. calcium dihydrogenphosphate and tricalcium phos- 
40 phate: 

strontium phosphates, such as strontium hydrogenphosphate; 

aluminum phosphates, such as aluminum phosphate; manganese phosphates, such as manganese dihydrogen- 
phosphate and manganese phosphate; 
cobalt phosphates, such as cobalt phosphate; and 
45 zinc phosphates, such as zinc phosphate. 

[0274] Of these, magnesium phosphates are preferable, and magnesium hydrogenphosphate and trimagnesium 
diphosphate are particularly preferable. 

[0275] The production of a polyester using the above catalyst for polyester production is carried out by the process 
so described later, and in the polycondensation reaction, the titanium-containing hydrolyzate {A-2) is used in an amount of 
usually 0.0005 to 0.2 % by mol, preferably 0.001 to 0.05 % by mol. in terms of a metal atom in the titanium-containing 
hydrolyzate (A-2), based on the amount by mol of the aromatic dicarboxylic acid (in terms of the aromatic dicarboxylic 
acid) in the low condensate; and the metallic phosphate (D) is used in an amount of usually 0.001 to 0.200 % by mol. 
preferably 0.002 to 0.050 % by mol. In terms of phosphorus atom. When the amounts of the titanium-containing hydro- 
55 lyzate (A-2) and the metallic phosphate (D) are within the above ranges, the catalyst exhibits high polymerization activ- 
ity and the resulting polyester has a low acetaldehyde content. 

[0276] The acetaldehyde content referred to herein is determined in the following manner. A sample of 2 g is pul- 
verized under cooling, and the temperature of the sample is returned to room temperature. Then, 1 g of the sample is 
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charged in a container, and 2 cc of an internal, standard liquid is added to the container, followed by closing the con- 
tainer. Then, extraction is performed in an oven at 120-0 for 1 hour. The extract is ice cooled, and the acetaWehyde 
content in 5 \i\ of the supernatant liquid is measured by GC-6A manufactured by Shimadzu Seisakusho K.K. to deter- 
mine the acetaldehyde content in the sample. 
5 [0277] The titanium-containing hydrolyzate (A-2) can be fed to the reactor in the esterif ication reaction step, or can 
be fed to the reactor in the first stage of the liquid phase polycondensation reaction step. The metallic phosphate (D) 
can be fed to the reactor In the esterif ication reaction step, or can be fed to the reactor in the first stage of the liquid 
phase polycondensation reaction step. The metallic phosphate (D) can be added at the same time as the titanium-con- 
taining hydrolyzate (A-2) or separately. 

10 

Metallic compound (E) 

[0278] The metallic compound (E) for use in the invention is a compound containing at least one element selected 
from beryllium, magnesium, calcium, strontium, boron, aluminum, gallium, manganese, cobalt and zinc. 
75 [0279] Examples of the metallic compounds (E) include: 

magnesium compounds, such as magnesium acetate, magnesium carbonate and magnesium hydroxide; 
calcium compounds, such as calcium hydroxide, calcium acetate and calcium carbonate; 
strontium compounds, such as strontium acetate and strontium carbonate; 
20 aluminum compounds, such as aluminum acetate, aluminum hydroxide and aluminum carbonate; 
manganese compounds, such as manganese acetate; 
cobalt compounds, such as cobalt acetate; and 
zinc compounds, such as zinc acetate. 

25 [0280] Of these, magnesium compounds are preferable, and magnesium acetate and magnesium carbonate are 
particularly preferable. 

Phnaphnrus compound (F^ 

30 [0281] Examples of the phosphorus compounds (F) for use in the invention Include phosphoric acid, and phos- 
phoric esters, such as trimethyl phosphate, triethyl phosphate, tri-n-butyl phosphate, trioctyl phosphate, triphenyl phos- 
phate and tricresyl phosphate. Of these, phosphoric acid and trimethyl phosphate are preferable. 

Aliphatic did (G) 

35 

[0282] Examples of the aliphatic diols (G) for use in the invention include ethylene glycol, trimethylene glycol, pro- 
pylene glycol, tetramethylene glycol, neopentyl glycol, hexamethylene glycol and dodecamethylene glycol. Of these, 
ethylene glycol is preferable. 

[0283] The catalyst for polyester production according to the invention may be a catalyst obtained as a slurry by 
40 heating a mixture of the titanium-containing hydrolyzate (A-2). the metallic conrpound (E). the phosphorus compound 
(F) and the aliphatic diol (G). 

[0284] In the mixture liquid, the titanium-containing hydrolyzate (A-2) is contained in an amount of 0.1 to 30 % by 
weight, preferably 0.2 to 20 % by weight, more preferably 0.3 to 10 % by weight, in terms of titanium atom, the metallic 
compound (E) is contained in an amount of 0.1 to 30 % by weight, preferably 0.2 to 20 % by weight, more preferably 0.3 
45 to 10 % by weight, in terms of a metal, the phosphorus compound (F) is contained in an amount of 0.1 to 30 % by 
weight, preferably 0.2 to 20 % by weight, more preferably 0.3 to 1 0 % by weight, in terms of phosphorus atom, and the 
residue is the aliphatic diol (G). The titanium-containing hydrolyzate (A-2) and the metallic compound (E) are preferably 
used in the same amounts from the viewpoint of polymerization activity. 

[0285] Heating of the mixture is performed for the purpose of allowing at least a part of the metallic compound (E) 
so dissolved in the aliphatic diol to react with at least a part of the phosphorus compound (F) dissolved in the aliphatic diol. 
Therefore, the amount of the metallic compound (E) and the phosphorus compound (F) is preferably not more than 30 
% by weight from the viewpoint of solubility in the aliphatic diol. 

[0286] The temperature for heating the mixture, though varies depending upon the boiling point of the aliphatic diol, 
is in the range of usually 50 to 200'»C. preferably 80 to 1 90^C. more preferably 1 00 to 1 90^*0. and the heating time is in 
55 the range of 3 minutes to 5 hours, preferably 30 minutes to 4 hours, more preferably 1 to 4 hours. 

[0287] When the heating temperature is not lower than 50*C. the metallic compound (E) dissolved in the aliphatic 
did and the phosphorus compound (F) dissolved in the aliphatic diol easily undergo reaction. When the heating temper- 
ature is not higher than 200'C. the aliphatic diol hardly undergoes side reaction such as dehydration reaction. 
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[0288] The production of a polyester using the above catalyst for polyester production is carried out by the process 
described later, and in the polycondensation reaction, the slurry catalyst for polyester production is used in an amount 
of usually 0.0005 to 0.2 % by weight preferably 0.001 to 0.05 % by weight, in terms of weight of a metal (derived from 
the titanium-containing hydrolyzate (A-2)) in the catalyst, based on the weight of a mixture of terephthaiic acid and eth- 
ylene glycol. 

[0289] The slurry catalyst for polyester production can be fed to the polymerization reactor in the esterification reac- 
tion step, or can be fed to the reactor in the first stage of the polycondensation reaction step. 
[0290] In the present invention, in addition to the catalyst for polyester production comprising the titanium-contain- 
ing hydrolyzate (A-2) and the metallic phosphate (D) or the slurry catalyst for polyester production, the aforesaid co-cat- 
alyst compound can be used as a co-catalyst component. Preferred examples of the co-catalyst compounds include 
magnesium compounds such as magnesium carbonate and magnesium acetate; calcium compounds such as calcium 
carbonate and calcium acetate: and zinc compounds such as zinc chloride and zinc acetate. The co-catalyst com- 
pounds can be used singly or in combination of two or more kinds. 

[0291] The co-catalyst component is desirably used in such an amount that the molar ratio ((M)/(Ti)) of the metal 
atom (M) in the co-catalyst component to titanium (and another element if the catalyst contains another element) (Ti) in 
the catalyst for polyester production is in the range of 1/50 to 50/1. preferably 1/40 to 40/1 . more preferably 1/30 to 30/1 . 
[0292] The co-catalyst component can be fed to the reactor in the esterification reaction step, or can be fed to the 
reactor in the first stage of the liquid phase polycondensation reaction step. When the co-cataiyst component is fed in 
the esterification reaction step, the co-catalyst component can be added at the same time as the catalyst for polyester 
production or separately. 

[0293] The catalyst for polyester production according to the invention can produce a polyester having a low acetal- 
dehyde content with high polymerization activity. 

[0294] Next, the process for producing a polyester using the catalyst for polyester production mentioned above is 
described. 

« 

Process for producing oolvester 

[0295] In the process for producing a polyester using the catalyst for polyester production mentioned above, an aro- 
matic dicarboxylic acid or an ester-forming derivative thereof and an aliphatic diol or an ester-forming derivative thereof 
are polycondensed in the presence of any one of the above-mentioned catalysts for polyester production. One embod- 
iment of the process is described below. 

Startino materials 

[0296] In the process for producing a polyester according to the invention, an aromatic dicarboxylic acid or an ester- 
forming derivative thereof and an aliphatic diol or an ester-forming derivative thereof are used as starting materials. 
[0297] Examples of the aromatic dicarboxylic acids include terephthaiic acid, phthalic acid, isophthalic acid, naph- 
thalenedicarboxylic acid, diphenyldicarboxyllc acid and diphenoxyethanedicarboxylic acid. 

[0298] Examples of the aliphatic diols include aliphatic glycols, such as ethylene glycol, trimethylene glycol, propyl- 
ene glycol, tetramethylene glycol, neopentyl glycol, hexamethylene glycol and dodecamethytene glycol. 
[0299] In the present invention, aliphatic dicariDOxylic acids such as adipic acid, sebadc add, azelaic acid and 
decanedicarboxylic acid, and aticycllc dicarboxylic acids such as cyclohexanedicark}oxylic acid are employable as start- 
ing materials together with the aromatic dicarboxylic acid. Further, allcydic glycols such as cyclohexanedlmethanol. 
and aromatic diols such as bisphenol. hydroquinone. 2,2-bis(4-p-hydroxyethoxyphenyl)propanes, 1 .3-bis(2-hydrox- 
yethoxy)benzene and 1 ,4-bis(2-hydroxyethoxy)benzene are employable as starting materials together with the aliphatic 
diol. 

[0300] In the present invention, moreover, polyfunctional compounds such as trimesic acid, trimethylolethane, tri- 
methylolpropane. trimethylolmethane and pentaerythritol are employable as starting materials. 

Esterification steo 

[0301] In the production of a polyester, first, the aromatic dicarboxylic acid or an ester-forming derivative thereof 
and the aliphatic diol or an ester-forming derivative thereof are esterified. 

[0302] More specrficatly, a slunry containing the aromatic dicarboxylic add or an ester-forming derivative thereof 
and the aliphatic diol or an ester-forming derivative thereof is prepared. 

[0303] In the slurry, the aliphatic diol or an ester-forming derivative thereof is contained in an amount of usually 
1 .005 to 1 .4 mol, preferably 1 .01 to 1 .3 mol. more preferably 1 .03 to 1 .3 mol, based on 1 mol of the aromatic dicarisoxyiic 
acid or an ester-forming derivative thereof. The slurry is continuously fed to the esterification reaction step. 
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[03041 The esterif ication reaction is carried out under reflux of ethylene glycol using an apparatus consisting of Iwo 
or more esterHication reactors connected in series, while water which is produced by the reaction is removed from the 
system by means of a rectification tower. 

[03051 The esterHication reaction is generally carried out in plural stages, and the esterification reacUon of the fir^ 
stage is carried out at a reaction temperature of usually 240 to 270°C. preferably 245 to 265'C, under a pressure of 0.2 
to 3 kg/cm2-G. preferably 0.5 to 2 kg/cm^-G. and the esterification reaction of the last stage is earned out a a readion 
temperature of usually 250 to 280''C. preferably 255 to 275°C. under a pressure of 0 to 1 .5 kg/cm -G. preferably 0 to 

[TOWS]"" When the esterification reaction is carried out in two stages, the esterHication reaction conditions of the first 
and the second stages are as described above, and when the esterHication reaction is carried out in three or more 
stages, the esterification reaction conditions of the second stage to the stage of last but one are between the reaction 

conditions of the first stage and the reaction conditions of the last stage. 

[0307] For example, when the esterHication reaction is can-ied out in three stages, the esterHication reaction tem- 
perature of the second stage is in the range of usually 245 to 275-C. preferably 250 to 270-C. and the pressure of this 
15 stage is in the range of usually 0 to 2 kg/cm^-G. preferably 0.2 to 1 .5 kg/cm -G. . . , ^ . .u 

(03081 There is no specHic limitation on the degree of esterHication in each stage, but it is preferable that the 
increase of the degree of esterification is smoothly distributed in each stage, and it is desirable that the degree of ester- 
ification of the esterHication reaction product in the last stage reaches usually not less than 90 %. preferably not less 
thsn 93 % 

[03091 " It is possible to carry out the esterHication reaction without adding additives other than the aromatic dicarbo- 
xylic acid and the aliphatic diol. and it is also possible to carry out the esterHication reaction in the presence of the cat- 
alyst for polyester production described above. It is preferable to add a small amount of a basic compound and to carry 
out the esterHication reaction, because the proportion of dioxyethylene terephthalate constituent units in the mam chain 
of polyethylene terephthalate can be held at a relatively low level. Examples of the basic compounds employable herein 
include tertiary amines, such as triethylamine. tri-n-butylamine and benzyldimethylamine; quaternary ammonium 
hydroxides such as tetraethylammonium hydroxide, tetra-n-butylammonium hydroxide andtrimethylbenzylammonium 
hydroxide; 'and other basic compounds, such as lithium carbonate, sodium carbonate, potassium carbonate and 

mtm TTirough the esterification reaction step, an esterHication product (low condensate) is obtained, and fte 
esterification product has a number-average molecular weight of usually 500 to 5000. The low condensate thus 
obtained is then fed to a polycondensation (liquid phase polycondensation) step 

I iq iiitt phase Dolvc ftndensation step 

[031 11 In the liquid phase polycondensation step, the low-condensate obtained in the esterHication step 's heated 
under reduced pressure at a temperature of not kwer than the meHing point of a polyester (usually 250 to 280»C) in the 
presence of the aforesaid polycondensation catalyst, to polycondensate the low condensate. The polycondensation 
reaction is desirably earned out with distilling off the unreacted aliphatic diol from the reaction system. 

[031 21 The polycondensation reaction may be carried out in one stage or plural stages. For example, when the 
polycondensation reaction is carried out in plural stages, the polycondensation reaction of thefirat stage ^ carried out 
at a reaction temperature of 250 to 290«C. preferably 260 to 280-C. under a pressure of 500 to 20 Tar.^eferaWy 200 
to 30 Torr. and the polycondensation reaction of the last stage is carried out at a reaction temperature of 265 to 300 C. 
oreferably 270 to 295''C. under a pressure of 1 0 to 0. 1 Torr. preferably 5 to 0.5 Torr 

[03131 When the polycondensation reaction is carried out in two stages, the polycondensation reaction conditions 
of the first and the second stages are as described above, and when the polycondensation reaction is earned out in 
three or more stages, the polycondensation reaction conditions of the second stage to the stage of last but one are 
between the reaction conditions of the first stage and the reaction conditions of the last stage. For example, when the 
polycondensation reaction is carried out in three stages, the polycondensation reaction of the second stage is earned 
out at a reaction temperature of usually 260 to 295»C. preferably 270 to 285«C. under a pressure of uaially 50 to 2 Torr, 
oreferably 40 to 5 Torr. There is no specHie limitation on the intrinsic viscosity reached in each stage of the polyconden- 
sation reaction step but it is preferable that the increase of the intrinsic viscosity is smoothly distributed in each stage. 
[03141 The polycondensation reaction is desirably carried out in the presence of a stabilizer. The stabilizer is. for 
example a phosphorus compound, and specHic examples thereof Include phosphoric esters, such as trimethyl phos- 
Dhate triethyl phosphate, tri-n-butyl phosphate, trioctyl phosphate and triphenyl phosphate: phosphorus esters, such 
as triDhenyl phosphite, trisdodecyl phosphite and trisnonylphenyl phosphite; and other phosphoric esters, such as mon- 
omethyl phosphate, dimethyl phosphate, monoethyl phosphate, diethyl phosphate, monoisopropyl phosphate diisopro- 
pyl phosphate, dibutyl phosphate, monobutyl phosphate and dioctyl phosphate; phosphoric acid; and polyphosphonc 
acid. 
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[031 5] The phosphorus compound is desirably added in an amount of 0.005 to 0.2 % by md. preferably 0.01 to 0.1 
% by mol. in terms of phosphorus atom in the phosphorus compound, based on the aromatic dicarboxylic acid. The 
phosphorus compound may be fed in the esterification reaction step, or may be fed to the reactor in the first stage of 
the polycondensation reaction step. 

5 [031 6] The polyester obtained in the liquid phase polycondensation step desirably has an intrinsic viscosity of 0.40 
to 1 .0 dl/g. preferably 0.50 to 0.90 dl/g, more preferably 0,55 to 0.75 dl/g. There is no specific limitation on the intrinsic 
viscosity reached in each of the stages except the last stage of the polycondensation step, but it is preferable that the 
increase of the intrinsic viscosity is smoothly distributed in each stage. 

[031 7] The intrinsic viscosity referred to herein is calculated from a solution viscosity determined by heating 1 .2 g 
10 of a polyester in 15 cc of o-chlorophenol to melt it. then cooling the solution and measuring its viscosity at 25^*0. 

[0318] The polyester desirably has a density of usually 1 .33 to 1 .35 g/cm^. The density of the polyester referred to 
herein- is measured at a temperature of 23'*C by means of a density gradient tube using a mixed solvent of carbon tet- 
rachloride and heptane. 

[0319] The polyester. obtained in the polycondensation step is generally melt extruded into particles (chips). The 
75 particulate polyester desirably has an average particle diameter of usually 2.0 to 5.0 mm. preferably 2.2 to 4.0 mm. 
[0320] The polyester obtained in the liquid phase polycondensation step can be then subjected to solid phase poly- 
condensation. if desired. 



Solid phase polycondensation step 

20 

[0321] Before the particulate polyester is fed to the solid phase polycondensation step, it may be heated at a tem- 
perature lower than the temperature for the solid phase polycondensation to perform precrystallization. 
[0322] The precrystalfeation can be can-ied out by heating the particulate polyester at a temperature of usually 120 
to 200'*C, preferably 130 to 180"C, for 1 minute to 4 hours, in a dry state. The precrystallization may be carried out by 
25 heating the particulate polyester at a temperature of 1 20 to 2O0''C for 1 minute or more in an atmosphere of water vapor, 
an atmosphere of an inert gas containing water vapor or an atmosphere of air containing water vapor. 
[0323] The polyester thus precry stall ized desirably has a crystallinity of 20 to 50 %. 

[0324] In the precrystallization treatment, the "solid phase polycondensation reaction" of the polyester does not 
proceed, so that the intrinsic viscosity of the precrystallized polyester is almost equal to tiiat of the polyester after the 

30 liquid phase polycondensation. and the difference between the intrinsic viscosity of the precrystallized polyester and the 
intrinsic viscosity of the polyester before precrystallization is usually not more than 0.06 dl/g. 
[0325] The solid phase polycondensation step consists of at least one stage, and the solid phase polycondensation 
reaction is carried out at a temperature of 190 to 230''C. preferably 195 to 225''C, under a pressure of 1 kg/cm^-G to 10 
Torr. preferably atmospheric pressure to 100 Torr, in an atnrosphere of an inert gas such as nitrogen, argon or carbonic 

35 acid gas. The inert gas used herein is desirably a nitrogen gas. 

[0326] The particulate polyester obtained after tiie solid phase polycondensation may be subjected to water treat- 
ment by the method described in. for example, Japanese Patent Publication No. 64920/1995. This water treatment is 
carried out by contacting the particulate polyester with water, water vapor, an inert gas containing water vapor, air con- 
taining water vapor or the like. 

40 [0327] The intrinsic viscosity of the particulate polyester obtained as above is desired to be usually not less tinan 
~ 0.50 dl/g, preferably 0.60 to 1 .00 dl/g. more preferably 0.75 to 0.95 dl/g. 

[0328] The production of the polyester comprising the esterification step and the polycondensation step may be 
carried out batchwise, semicontinuously or continuously. The density of the polyester is desired to be usually not less 
than 1 .37 g/cm^, preferably not less than 1 .38 g/cm^, more preferably not less than 1 .39 g/cm^. 
45 [0329] The polyester produced as above may contain additives hitherto known, such as stabilizer, release agent, 
antistatic agent, dispersant and colorant (e.g., dye, pigment). These additives may be added in any step of tiie process 
for producing the polyester, or may be added by forming a masterbatch before molding. 

[0330] The polyester obtained by the invention can be used as a material of various molded products. For example, 
the polyester is melt molded and used as blow molded articles (e.g.. bottles), sheets, films, fibers, etc., but it is particu- 
50 larly preferably used as bottles. 

[0331] In order to produce bottles, sheets, films, fibers, etc. from the polyester obtained by the invention, such as 
polyethylene terephthatate, hitherto known processes are available. 

[0332] Another embodiment of the process for producing a polyester according to the invention is described below. 
[0333] This embodiment is a process for producing a polyester, comprising an esterification step in which an aro- 
55 matic dicarboxylic acid or an ester-forming derivative thereof and an aliphatic diol or an ester-forming derivative thereof 
are esterif led to. form a low condensate and a polycondensation step in which tiie low condensate is polycondensed In 
the presence of a polycondensation catalyst to increase the molecular weight, wherein: 
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the polycondensation catalyst used is a catalyst comprising: 

(I) a catalyst component comprising a hydrolyzate (l-j) obtained by hydrolyzing a titanium compound or a 
hydrolyzate (l-k) obtained by hydrolyzing a mixture oi a titanium compound and a compound of at least one ele- 

5 ment selected from elements other than titanium or a precursor of the compound, and 

(II) a co-catalyst component comprising a compound of at least one element selected from the group consist- 
ing of beryllium, magnesium, calcium, strontium, barium, boron, aluminum, gallium, manganese, cobalt, zinc, 
germanium, antimony and phosphorus; 

10 and 

« 

the catalyst component (I) is added to the esterification reactor before the beginning of the esterification reaction 
or immediately after the beginning of the esterification reaction. 

15 [0334] The hydrolyzate (l-j) obtained by hydrolyzing a titanium compound and the hydrolyzate (l-k) obtained by 
hydrolyzing a mixture of a titanium compound and a compound of at least one element selected from elements other 
than titanium or a precursor of the compound are the same as the hydrolyzate (l-j) and the hydrolyzate (l-K) previously 
described, respectively. 

[0335] Examples of the co-catalyst components (II) include the same co-catalyst compounds as previously 
20 described: Of these, preferable are magnesium compounds such as magnesium carbonate and magnesium acetate: 
calcium compounds such as calcium carbonate and calcium acetate; and zinc compounds such as zinc chloride and 
zinc acetate. The co-catalyst compounds can be used singly or in combination of two or more kinds. 
[0336] The production of a polyester comprising an esterification step in which an aromatic dicaiboxylic acid or an 
ester-forming derivative thereof and an aliphatic diol or an ester-forming derivative thereof are esterified to form a low 
25 condensate- and a polycondensation step in which the low condensate is polycondensed in the presence of a poly- 
condensation catalyst to increase the molecular weight is carried out through the esterification step, the liquid phase 
polycondensation step, and if necessary, the solid phase polycondensation step, as described above. However, the 
polycondensation of the esterification product fed to the liquid phase polycondensation step is conducted in the pres- 
ence of a polycondensation catalyst comprising: 

30 

(I) a polycondensation catalyst component comprising the hydrolyzate (l-j) or the hydrolyzate (l-k), and 

(II) a co-catalyst conponent. 

[0337] Of the above components, the polycondensation catalyst component (I) is added to the reactor before the 
35 beginning of the esterification reaction or immediately after the beginning of the esterification reaction. The expression 
"immediately after the beginning of the esterrtication reaction'' used herein means a slate where the degree of esterifi- 
cation is not more than 50 %. The term "degree of esterification" means a degree of conversion of the aromatic dicar- 
boxylic acid such as dicartKDxylic acid, and the degree of esterification is expressed in a ratio between the add value 
(AV) and the saponification value of the reaction product. 
40 [0338] On the other hand, the co-catalyst component (II) can be added to the reactor in any stage of the esterifica- 
tion reaction step, or can be added to the reactor in the first stage of the liquid phase polycondensation reaction step. 
When the co-catalyst component (II) is fed in the esterification reaction step, the co-catalyst component (II) may be 
added at the same time as the catalyst component (I) or separately. 

[0339] The catalyst component (I) is used in an amount of usually 0.0005 to 0.2 % by weight, preferably 0.001 to 
45 0.05 % by weight, in terms of weight of a metal in the catalyst component (I), based on the weight of a mixture of the 
aromatic dicarboxylic acid and the aliphatic diol. 

[0340] The co-catalyst component (II) is desirably used in such an amount that the molar ratio ((M)/(l-j)) of the metal 
atom (M) in the co-catalyst component (II) to titanium in the catalyst component (l-j) or the molar ratio ((M)/(l-k)) of the 
metal atom (M) in the co-catalyst component (II) to titanium and another element in the catalyst component (l-k) is in 
so the range of 1/50 to 50/1 . preferably 1/40 to 40/1 . more preferably 1/30 to 30/1 . When a phosphorus compound such 
as a phosphate or a phosphite is used, the amount thereof is an amount in terms of a metal atom contained in the phos- 
phorus compound. 

[0341 ] According to the present invention, a polyester having a desired intrinsic viscosity can be obtained for a short 
period of time. 

55 [0342] A further embodiment of the process for producing a polyester according to the invention is described below. 
[0343] This embodiment is a process for producing a polyester, comprising polycondensing an aromatic dicarbox- 
ylic acid or an ester-forming derivative thereof and an aliphatic diol or an ester-forming derivative thereof in the pres- 
ence of a polycondensation catalyst selected from the following catalysts (1) to (3) and a phosphoric ester to produce 
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a polyester; 

(1) a polycondensation catalyst comprising a hydrolyzate (l-m) obtained by hydrolyzing a titanium halide, 

(2) a polycondensation catalyst comprising a hydrolyzate (l-n) obtained by hydrolyzing a mixture of a titanium hal- 
5 ide and a compound of at least one element selected from elements other than titanium or a precursor of the com- 
pound, and 

(3) a polycondensation catalyst comprising: 

the hydrolyzate (l-m) or (l-n), and 
10 a compound of at least one element selected from beryllium, magnesium, calcium, strontium, barium, boron, 

aluminum, gallium, manganese, cobalt, zinc, germanium and antimony, a phosphate or a phosphite. 

[0344] The hydrolyzate (l-m) obtained by hydrolyzing a titanium halide and the hydrolyzate (l-n) obtained by hydro- 
lyzing a mixture of a titanium halide and a conpound of at least one element selected from elements other than titanium 
15 or a precursor of the compound are the same as the hydrolyzate (l-m) and the hydrolyzate (l-n) previously described, 
respectively. 

[0345] Examples of the compound of at least one element selected from the group consisting of beryllium, magne- 
sium, calcium, strontium, barium, boron, aluminum, gallium, manganese, cobalt, zinc, germanium and antimony, the 
phosphate or the phosphite (sometimes refen-ed to as a "co-catalyst component (I la)" hereinafter) Include the same 
20 compounds as previously described with respect to the co-catalyst compounds. Such compounds can be used singly 
or in combination of two or more kinds. Preferred examples of the co-catalyst components (Ha) include magnesium 
compounds such as magnesium carbonate and magnesium acetate; calcium compounds such as calcium carbonate 
and calcium acetate; and zinc compounds such as zinc chloride and zinc acetate. 

[0346] Examples of the phosphoric esters used in combination with the polycondensation catalyst in the poly- 
ps condensation reaction include trimethyl phosphate, triethyl phosphate, tri-n-butyt phosphate, trioctyl phosphate, triphe- 
nyl phosphate and tricresyl phosphate. 

[0347] The production of a polyester comprising polycondensing an aromatic dicarboxylic acid or an ester-forming 
derivative thereof and an aliphatic diol or an ester-forming derivative is carried but through the esterification step, the 
liquid phase polycondensation step, and if necessary, the solid phase polycondensation step, as described above. 
30 [0348] The hydrolyzate (t-m) or (l-n) Is used in an amount of usually 0.0005 to 0.2 % by weight, preferably 0.001 to 
0.05 % by weight, in terms of weight of a metal in the polycondensation catalyst, based on the weight of a mixture of 
the aromatic dicarboxylic acid and the aliphatic diol. 

[0349] The phosphoric ester is used in an amount of usually 0.001 to 0.1 % by weight, preferably 0.002 to 0.02 % 
by weight, in terms of phosphorus atom. When the amounts of the hydrolyzate (l-m) or (l-n) and the phosphoric ester 

35 are within the above ranges, the effect of shortening the polycondensation time is high. 

[0350] The co-catalyst component (Ha) is desirably used in such an amount that the molar ratio ((M)/(l-m)) of the 
metal atom (M) in the co-catalyst component (I la) to titanium in the hydrolyzate (l-m) or the molar ratio ((M)/(l-n)) of the 
metal atom (M) in the co-catalyst component (lla) to titanium and another element in the hydrolyzate (l-n) is in the range 
of 1/50 to 50/1 . preferably 1/40 to 40/1, more preferably 1/30 to 30/1. When a phosphorus compound such as a phos- 

40 phate or a phosphite is used, the amount thereof is an amount in terms of a metal atom contained in the phosphorus 
compound. 

[0351] The polycondensation catalyst and the phosphoric ester can be fed to any stage of the esterification reaction 
step, or can be fed to the reactor in the first stage of the polycondensation reaction step. 

[0352] According to the present invention, a polyester having a desired intrinsic viscosity can be obtained for a short 
45 period of time. 

[0353] A still further embodiment of the process for producing a polyester according to the invention is described 
below. 

[0354] This embodiment is a process for producing a polyester, comprising polycondensing an aromatic dicarbox- 
ylic acid or an ester-forming derivative thereof and an aliphatic diol or an ester-forming derivative thereof in the pres- 
50 ence of a polycondensation catalyst selected from the following catalysts (1 ) to (3) and at least one compound selected 
from cyclic lactone compounds and hindered phenol compounds to produce a polyester; 

(1) a polycondensation catalyst comprising a hydrolyzate (l-m) obtained by hydrolyzing a titanium halide, 

(2) a polycondensation catalyst comprising a hydrolyzate (l-n) obtained by hydrolyzing a mixture of a titanium hal- 
55 ide and a compound of at least one element selected from elements other than titanium or a precursor of the com- 
pound, and 

(3) a polycondensation catalyst comprising: 
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the hydro'yza*^ (l-m) or (l-n). and . ■ u 

a comoound of at least one element selected from beryllium, magnesium, calcium, strontium, toium. boron, 
aluminum, gallium, manganese, cobalt, zinc, germanium and antimony, a phosphate or a phosphite. 

i r03551 The hvdrolyzate (l-m) obtained by hydrolyzing a titanium halide and the hydrolyzate (l-n) obtained by hydro- 
Sa a mi Ju^Ta Sum Jde and a compound of at least one element selected from elements other han trtamum 
o?a preruSrofthe are the same as the hydrolyzate (l-m) and the hydrolyzate (l-n) previously described. 

S? The compound of at least one element selected from beryllium, magnesium, f 'O"-^- ^^o"''"'^- f ^^'""^^ 
K oi-n^innm naiiliim manoanese cobalt, zinc, germanium and antimony, the phosphate or the phosphite is the 
S a "r o cS sTcor^^S^^^^^^^^ Preferred examples of the co-catalyst components (lla) 

ncT^e magnesium ^^^^^^^^ such as magnesium carbonate and magnesium acetate: calcium «,mpounds such as 
Sm^Lnate and calcium acetate: and zinc compounds such as zinc chloride and zinc acetate. 
S Aj^teast one compound selected from cyclic lactone compounds and hindered phenol compounds used in 
15 the polycondensation reaction is, for example. 

5 7-di-t-butyl-3-(3.4-dimethyIphenyl)-3H-benzofuran-2-one. 
tmrakis(riiethylene-3(3.5<Ji-t-butyl-4-hydroxypheriyl)propioriate)metharie. 

tris(2,4-di-t-butylphenyl)phosphite, 
20 bis{2.6-di-t-butyl-4-phenyImethyl)pentaerythritol-diphosphite. 

3.5- di-t-butyl-4-hydroxyben2ylphosphoric acid distearyl ester. 

2.6- di-t-butylphenol. 
3,5-di-t-butyl-4-hydroxytoluene, 

n^ctadGcyI-3-(4'-hydroxy-3\5'^i-t-butylphenyl)propionate. 
25 tris(3.5-di-t-butyl-4-hydroxyphenyl)phosphite. triphenyl phosphite, or 
tetrakis(2,4-di-t-butylphenyl)-4.4*-biphenylene diphosphite. 

r03581 These cyclic lactone compounds and hindered phenol compounds can be used singly or In combination 
S At fisf Se c^^^ selected from cyclic lactone compounds and hindered phenol compounds .s pre er- 
30 LTa miSurrs 7^^^^^^^^^ tetralds(methylene-3(3.5-d.-t-butyl-4- 
hvriroy«ih6nvnDroDionate)melhane and tris(2.4-di-t-butylphenyl )phosphite. 
S;r^ -S^e pSon of a polyester co!nprising polycondensing an aromatic ^'^^^^f ^"^"^ 
derivative thereof and an aliphatic diol or an ester-forming derivative is carried out through the estenf ication s^ep, the 
SaTd 2Le Dolyconden^^^^^ step, and if necessary, the solid phase polycondensation step, as described above^ 
quid P^^=^ ^ in an amount of usually 0.0005 to 0.2 % by v^eight, preferabj, 0.001 to 

i S % by vSghtTterms of a metal atom in the polycondensation catalyst (1) or (2). based on the v^ight of a mixture 
Sf the;S dicarLylic acid and the aliphatic diol. When the amount of the hydrolyzate (l-m) or (l-n) is wrthin the 

S ratioS -r^)) of?he metal atom (M in the co-catalyst component to titanium in t-^^ •^y*°'V^«'f.<'f "J^^ 
molar ratio umw ^}>^ co-catalyst component to titanium and another element in the hydro- 

.5 co^und as a pirate or a phosphHe is used, the amount thereof is an amount in terms of a metal atom con- 

SSSl'" ^'e'cSrtl^rX'i!^^^ ("la) can be fed to the reactor in the esterHlcation reaction step, or can be fed to 
trreactorin Jiff iS sS of «!^liquid p4e polycondensation reaction step. Further, the co-catalyst component can 
he added at the same time as the hydrolyzate (l-m) or (l-n) or separately. ^ ^ , j„ ^ 

foisi The aTlTL one compound selected from cyclic lactone compounds and hindered phenol compounds « 
S i an amou t of la,;To to 2000 ppm. preferably 30 to 1000 ppm. based on the aromatic dicarboxylic acid unj^ 
Tn ^e lorcmSensate When the amount of at least one compound selected from cyclic lactone compound ai^hin- 
de!S STe^ wnds is in the above range, a polyester having a low content of acetaldehyde can be oWair^. 
Si Thfat teast one compound selected from cyclic lactone compounds and hindered phenol ^^^PO""* can 
55 Kl to thTreaS the este»n reaction step, or can be fed to the reactor in the ^'^^^l^'^^^^l^;}^^^ 
polycorSe^tion reaction step. Further, such compound can be added at the same time as the hydrolyzate (l-m) or (I- 

rweT'^^'i^e present invention, at least one phosphors compound selected from phosphoric acid and phosphoric 
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esters may be used in combination in the polycondensation reaction. Examples of the phosphoric esters include trime- 
. thy! phosphate, triethyl phosphate, tri-n-butyl phosphate, trioctyl phosphate, triphenyl phosphate and tricresyl phos- 
phate. 

[0368] The phosphoric compound is used in an amount of usually 0.001 to 0.1 % by weight, preferably 0.002 to 0.02 
5 % by weight, in terms of phosphorus atom, based on the weight of a mixture of the aromatic dicarboxylic acid and the 
aliphatic did. 

[0369] The phosphoric compound can be fed to the reactor in the esterification reaction step, or can be fed to the 
reactor in the first stage of the liquid phase polycondensation reaction step. 

[0370] The polyester obtained by the above process has a low acetaldehyde content. From such polyester, molded 
10 products hardly generating bad odor or foreign odor or hardly changing flavor or scent of the contents can be obtained. 
[0371] The acetaldehyde content In the polyester is measured by the aforesaid method. • 
[0372] According to the present invention, a polyester can be produced with high polymerization activity, and the 
resulting polyester has a low acetaldehyde content. 

[0373] A still further embodiment of the process for producing a polyester according to the invention is described 
15 below. 

[0374] This embodiment is a process for producing a polyester, comprising an esterification step in which an aro- 
matic dicarboxylic acid or an ester-forming derivative thereof and an aliphatic diol or an ester-forming derivative thereof 
are esterif ied to form a low condensate and a polycondensation step in which the low condensate is polycondensed in 
the presence of a polycondensation catalyst to increase the molecular weight, wherein: 

20 

the polycondensation catalyst used is a catalyst comprising: 

(I) a polycondensation catalyst component comprising a hydrolyzate (l-m) obtained by hydrolyzing a titanium 
halide or a hydrolyzate (l-n) obtained by hydrolyzing a mixture of a titanium halide and a compound of at least 

25 one element selected from elements other than titanium or a precursor of the compound, and 

(II) a co-catalyst component comprising a compound of at least one element selected from the group consist- 
ing of beryllium, magnesium, calcium, strontium, barium, boron, aluminum, gallium, manganese, cobalt, zinc, 
germanium, antimony and phosphorus: 

30 and 

a tint adjusting agent Is added in the esterification step or the polycondensation step. 

[0375] The hydrolyzate (l-m) obtained by hydrolyzing a titanium halide and the hydrolyzate (l-n) obtained by hydro- 
35 lyzing a mixture of a titanium halide and a compound of at least one element selected from elements other than titanium 
or a precursor of the compound are the same as the hydrolyzate (l-m) and the hydrolyzate (l-n) previously described, 
respectively. 

[0376] Examples of the co-catalyst components (II) comprising a compound of at least one element selected from 
the group consisting of beryllium, magnesium, calcium, strontium, barium, boron, aluminum, gallium, manganese. 
40 cobalt, zinc, germanium, antimony and phosphorus include the same co-catalyst compounds as previously described. 
Preferred examples of the co-catalyst components (II) include magnesium compounds such as magnesium cartx)nate 
and magnesium acetate; calcium compounds such as calcium carbonate and calcium acetate; and zinc compounds 
such as zinc chloride and zinc acetate. The co-catalyst compounds can be used singly or in combination of two or more, 
kinds. 

45 [0377] The production of a polyester comprising an esterification step in which an aromatic dicarboxylic acid or an 
ester-forming derivative thereof and an aliphatic diol or an ester-forming derivative thereof are esterified to form a low 
condensate and a polycondensation step in which the low condensate is polycondensed in the presence of a poly- 
condensation catalyst to Increase the molecular weight is can'ied out through the esterification step, the liquid phase 
polycondensation step, and if necessary, the solid phase polycondensation step, as described above. 

so [0378] The polycondensation catalyst component (I) is used in an amount of usually 0.0005 to 0.2 % by weight, 
preferably 0.001 to 0.05 % by weight, in terms of weight of a metal in the catalyst component (I), based on the weight 
of a mixture of the aromatic dicarboxylic acid and the aliphatic diol. 

[0379] The co-catalyst component (II) is desirably used in such an amount that the molar ratio ((M)/(Ti)) of the metal . 
atom (M) in the co-catalyst component to titanium (and another element if the component (I) contains another element) 
55 (Ti) in the polycondensation catalyst component (I) is in the range of 1/50 to 50/1 . preferably 1/40 to 40/1 , more prefer- 
ably 1/30 to 30/1 . When a phosphorus compound such as a phosphate or a phosphite is used as the co-catalyst com- 
ponent, the amount thereof is an amount in terms of a metal atom contained in the phosphorus compound. 
[0380] The co-catalyst component (II) can be fed to the polymerization reactor in the esterification reaction step, or 
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can be fed to the reactor in the first stage of the liquid phase polycondensatlon reaction step. Further, the co-catalyst 

component can be added at the same time as the polycondensatlon catalyst component or separately. 

[0381] The tint adjusting agent employable herein is. for example, an organic pigment, an inorganic pigment, an 

organic dye or an inorganic dye. and is particularly preferably one having a tint of blue or red. Specific examples thereof 

include Solvent Blue 104. Pigment Red 263. Solvent Red 135, Pigment Blue 29, Pigment Blue 15:1. Pigment Blue 15:3. 

Pigment Red 187 and Pigment Violet 19 (Color Index Name). 

[0382] The tint adjusting agents can be used singly or in combination. 

[0383] The tint adjusting agent is used in an amount of usually 0.05 to 100 ppm. preferably 0.1 to 60 ppm, based 
on the weight of the polyester. 

[0384] The tint adjusting agent can be fed to the reactor in the estertficatlon reaction step, or can be fed to the reac- 
tor in the first stage of the liquid phase polycondensatlon reaction step. Further, the tint adjusting agent can be added 
at the same time as the polycondensatlon catalyst component or separately. 

[0385] According to the present invention, a polyester having a good tint can be produced with high polymerization 

activity. 

[0386] Next, the method for treating a polyester according to the present invention is described. 
[0387] One embodiment of the method for treating a polyester according to the invention comprises bringing a pol- 
yester, which is obtained by the use of a titanium compound catalyst and in which the reaction has been completed, into 
contact with a phosphorous acid aqueous solution, a hypophosphorous acid aqueous solution, a phosphoric ester 
aqueous solution, a phosphorous ester aqueous solution or a hypophosphorous ester aqueous solution, each of said 
solutions having a concentration of not less than 10 ppm in terms of phosphorus atom. 

[0388] Another embodiment of the method for treating a polyester according to the invention comprises bringing a 
polyester, which is obtained by the use of a titanium compound catalyst and in which the reaction has been completed, 
into contact with an organic solvent. 

[0389] A further embodiment of the method for treating a polyester according to the invention comprises bringing a 
polyester, which is obtained by the use of a titanium compound catalyst and in which the reaction has been completed, 
into contact with an organic solvent solution of phosphoric acid, an organic solvent solution of a phosphoric ester, an 
organic solvent solution of phosphorous acid, an organic solvent solution of hypophosphorous acid, an organic solvent 
solution of a phosphorous ester or an organic solvent solution of a hypophosphorous ester, each of said solutions hav- 
ing a concentration of not less than 10 ppm in terms of phosphorus atom. 

[0390] The polyester used in the treating method of the invention is a polyester produced by using as starting mate- 
rials an aromatic dicarboxylic acid or an ester-forming derivative thereof, an aliphatic diol or an ester-forming derivative 
thereof, and » necessary, a polyfunclional compound or the like, and is preferably polyethylene terephthalate produced 
by using as starting materials terephthalic add or an ester-forming derivative thereof and ethylene glycol or an ester- 
forming derivative thereof. In the polyethylene terephthalate, other dicarboxylic acids and/or other glycols may be copol- 
ycondensed in amounts of not more than 20 % by mol. 

[0391] Examples of dicarboxylic acids other than terephthalic acid include aromatic dicarboxylic acids, such as 
phthalic acid, isophthalic acid, naphthalenedicarboxylic acid, diphenyldicarboxylic acid and diphenoxyethanedicaitoox- 
ylic acid; aliphatic dicarboxylic adds, such as adipic add. sebacic acid, azelaic acid and decanedicarboxylic acid; alicy- 
clic dicarboxylic adds, such as cyclohexanedicarboxylic acid: and ester-forming derivatives thereof. 
[0392] Examples of glycols other than ethylene glycol include aliphatic glycols, such as trimethylene glycol, propyl- 
ene glycol, tetramethylene glycol, neopentyl glycol, hexamethylene glycol and dodecamethylene glycol; alicyclic gly- 
cols, such as cyclohexanedimethanol; aromatic diols. such as bisphenols. hydroquinone, 2.2-bis(4-p- 
hydroxyethoxyphenyl)propane. 1 ,3-bis(2-hydroxyethoxy)ben2ene and 1,4-bis(2-hydroxyethQxy)benzene; and ester- 
forming derivatives thereof. 

[0393] The polyester used in the treating method of the invention can be produced by using, as starting materials, 
the aromatic dicarboxylic acid or an ester-forming derivative thereof and the aliphatic diol or an ester-forming derivative 
thereof, preferably terephthalic acid or an ester-forming derivative thereof and ethylene glycol or an ester-forming deriv- 
ative .thereof, and performing the esterif ication. the liquid phase polycondensatlon, and if necessary, the solid phase 
polycondensation. as previously described. 

[0394] The polycondensation reaction is preferably carried out in the presence of the below-described polyconden- 
sation catalyst and the aforesaid stabilizer. 

[0395] The polycondensation catalyst employable herein is. for example, the aforesaid hydrolyzate (l-m) obtained 
by hydrolyzing a titanium halide or the aforesaid hydrolyzate (l-n) obtained by hydrolyzing a mixture of a titanium halide 
and a compound of at least one element selected from elements other than titanium or a precursor of the compound. 
[0396] Also employable as the polycondensation catalysts are titanium alkoxides. such as titanium butoxide and 
titanium tetraisopropoxide; organic titanium compounds, such as an acetylacetonato salt of titanium; and titanium com- 
pounds, such as a hydrolyzate obtained by hydrolyzing titanium alkoxide. The hydrolyzate of titanium alkoxide can be 
prepared in a manner similar to that for preparing the hydrolyzate of titanium halide previously described. 
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[0397] The hydrolyzate (l-m) or the hydrolyzate (l-n) (titanium-containing hydrdyzate (A-2)) is used in combination 
with a co-catalyst component (II), if desired. 

[0398] Examples of the co-catalyst components (II) include the same co-catalyst compounds previously described. 
Of these, preferable are magnesium compounds, such as magnesium carbonate and magnesium acetate: calcium 
5 compounds, such as calcium carbonate and calcium acetate; and zinc compounds such as zinc chloride and zinc ace- 
tate. The co-catalyst compounds can be used singly or in combination of two or more kinds. 
[0399] When the magnesium compound is used as the co-catalyst component, a polyester (particularly, polyethyl- 
ene terephthalate) having excellent transparency can be obtained. 

[0400] The co-catalyst component (II) is desirably used In such an amount that the molar ratio ((ll)/(A-2)) of the 
10 metal atom in the co-catalyst component (It) to titanium (and another element if the titanium-containing hydrolyzate (A- 
- 2) contains another element) in the titanium-containing hydrolyzate (A-2) is in the range of 1/50 to 50/1 . preferably 1/40 
to 40/1 , more preferably 1/30 to 30/1 . When a phosphorus compound such as a phosphate or a phosphite is used, the 
amount thereof is an amount in terms of a metal atom contained in the phosphorus compound. 
[0401] The polycondensation catalyst (I) is used in an amount of usually 0.0005 to 0.2 % by weight, preferably 
15 0.001 to 0.05 % by weight, in terms of weight of a metal in the polycondensation catalyst, based on the weight of a mix- 
ture of the aromatic dicarboxylic acid and the aliphatic diol. The stabilizer is used in an amount of usually 0.001 to 0.1 
% by weight, preferably 0.002 to 0.02 % by weight, in terms of phosphorus atom in the stabilizer. The polycondensation 
catalyst and the stabilizer can be fed to the reactor in the liquid phase esterification reaction step, or can be fed to the 
reactor in the first stage of the polycondensation reaction step. 
20 [0402] When the polyester of the invention is polyethylene terephthalate, the polyethylene terephthalate obtained 
from the last polycondensation reactor in the polycondensation reaction step desirably comprises: 

95.0 to 99.0 % by mol of ethylene terephthalate component units represented by the following formula: 



25 



30 
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o 

ti \ 
COCH20CH24- 



and 

1 .0 to 5.0 % by mol of dioxyethylene ierephthalate component units represented by the following formula: 



/~ COCH2CH2OCH2CH24- 



40 



45 [0403] The intrinsic viscosity of the polyester obtained as above is desired to be usually not less than 0.50 dl/g, pref- 
erably 0.50 to 1 .50 dl/g, more preferably 0.72 to 1 .0 dl/g. The density of the polyester Is desired to be usually not less 
than 1 .37 g/cm^. preferably 1 .37 to 1 .44 g/cm^, more preferably 1 .38 to 1 .43 g/cm^, still more preferak)ly 1 .39 to 1 .42 
g/cm^. 

[0404] The acetaldehyde content in the polyester is desired to be not more than 5 ppm, preferably 0 to 3 ppm. par- 
50 ticularly preferably 0 to 2 ppm. The acetaldehyde content is measured by the aforesaid method. 

[0405] In the method for treating a polyester according to the invention, a polyester in which the reaction of the pol- 
yester production has been completed is used. The "polyester in which the reaction has been completed" means a pol- 
yester which does not exhibit a further increase of its viscosity after the reaction, and is for example a polyester given 
after the liquid phase polycondensation step or a polyester given after the solid phase polycondensation step. The pol- 
55 yester is usually particulate, but it may be in the form of powder or strand. 

[0406] In the present invention, the polyester, preferably polyethylene terephthalate, Is subjected to: 

a phosphorus-containing aqueous solution treatment in which the polyester, preferably polyethylene terephthalate. 
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is brought into contact with a phosphorous acid aqueous solution, a hypophosphorous acid aqueous solution, a 
phosphoric ester aqueous solution, a phosphorous ester aqueous solution or a hypophosphorous ester aqueous 
solution (each solution sometimes being referred to as a "phosphorus-containing aqueous solution" hereinafter): 
an organic solvent treatment in which the polyester, preferably polyethylene terephthalate, is brought into contact 

5 with an organic solvent; or 

a phosphorus-containing organic solvent solution treatment in which the polyester, preferably polyethylene tereph- 
thalate. is brought into contact with an organic solvent solution of phosphoric add. an organic solvent solution of 
phosphorous add. an organic solvent solution of hypophosphorous acid, an organic solvent solution of a phos- 
phoric ester, an organic solvent solution of a phosphorous ester or an organic solvent solution of a hypophospho- 

10 rous ester (each solution sometimes being referred to as a "phosphorus-containing organic solvent solution" 
hereinafter). 

[0407] Examples of the phosphoric esters used in the phosphorus-containing aqueous solution treatment include 
monomethyi phosphate, dimethyl phosphate, trimethyl phosphate, monoethyl phosphate, diethyl phosphate, triethyl 
75 phosphate, tributyl phosphate, tri-n-butyl phosphate, trloctyl phosphate, triphenyl phosphate and tricresyl phosphate. • 
Examples of the phosphorous esters include methyl phosphite, dimethyl phosphite, trimethyl phosphite, ethyl phos- 
phite, diethyl phosphite, triethyl phosphite, tributyl phosphite, triphenyl phosphite, trisdodecyl phosphite and trisnonyl- 
phenyl phosphite. Examples of the hypophosphorous esters include methyl hypophosphite and trimethyl 
hypophosphite. 

20 [0408] The phosphorus-containing aqueous solution to be contacted with the polyester desirably has a concentra- 
tion (in terms of phosphorus atom) of not less than 10 ppm. preferably 10 to 100000 ppm, more preferably 1 00 to 70000 
ppm. particularly preferably 1000 to 50000 ppm. 

[0409] When the concentration of the phosphorus-containing aqueous solution is in the above range, the effect of 
inhibiting increase of the acetaldehyde content is high in the molding of the resulting polyester, and the molding can be 
25 made economically. 

[0410] The contact of the polyester with the phosphorus-containing aqueous solution can be carried out continu- 
ously or batchwise. 

[04111 In the batchwise contact of the polyester with the phosphorus-containing aqueous solution, for example, a 
silo type treating apparatus is employable. In detail, the polyester and the phosphorus-containing aqueous solution are 
30 introduced into a silo to immerse the polyester in the phosphorus-containing aqueous solution. It is also possible that 
. the polyester and the phosphorus-containing aqueous solution are introduced into a rotary cylindrical container to 
immerse the polyester in the phosphorus-containing aqueous solution and contacted while rotating the cylindrical con- 
tainer to perform the contact more efficiently. 

[041 2] In the continuous contact of the polyester with the phosphorus-containing aqueous solution, for example, a 
35 tower type treating apparatus is employable. The polyester is continuously fed to the tower type treating apparatus at 
its top, and the phosphorus-containing aqueous solution is continuously fed to the apparatus as a counter f tow or a par- 
all el flow, whereby the polyester is immersed in the phosphorus-containing aqueous solution to contact them with each 
other. 

[041 3] The temperature for the contact of the polyester with the phosphorus-containing aqueous solution is in the 
40 range of usually 0 to 1 00°C, preferably 1 0 to 95 °C. and the contact time is in the range of usually 5 minutes to 1 0 hours, 
preferably 30 minutes to 6 hours. 

[0414] After the contact of the polyester with the phosphorus-containing aqueous solution, the polyester is sepa- 
rated from the phosphorus-containing aqueous solution, hydro-extracted by a hydro-extracting device such as a partide 
vibrating screen or a Simon Carter (Gel dryer), and dried. Drying of the polyestei* having been contacted with the phos- 

45 phorus-containing aqueous solution can be carried out by a conventional drying method. 

[0415] In order to continuously dry the polyester, a hopper type through-flow dryer in which the polyester is fed at 
the top and a drying gas is fed from the bottom and passed through is generally used. For decreasing the drying gas 
and thereby efficiently drying the polyester, a method of using a continuous dryer of rotary disc heating type is available. 
In this method, while passing a small amount of a drying gas, a heating steam or a heating medium is fed to a rotary 

50 disc or an external jacket to indirectly heat and dry the polyester. 

[041 6] In order to batchwise dry the polyester, a method of using a double-cone type rotary dryer is available. In this 
method, the polyester is dried under reduced pressure, or under reduced pressure with passing a small amount of a 
drying gas. or at atmospheric pressure with passing a drying gas. The drying gas may be the atmosphere, but dry nitro- 
gen or dehumidified air is preferable from the viewpoint of inhibition of decrease of the molecular weight due to the 

55 hydrolysis of the polyester. 

[0417] When the polyester is brought into contact with the phosphorus-containing aqueous solution as described 
above, the resulting polyester has small increase of the acetaldehyde content and small decrease of the intrinsic vis- 
cosity in the molding process. The reason is presumably that the polycondensation catalyst in the polyester is deacti- 
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vated by the contact of the polyester with the phosphorus-containing aqueous solution. 

[0418] From such polyester, molded products hardly generating bad odor or foreign odor or hardly changing flavor 
or scent of the contents can be obtained. 

[0419] This can be confirmed by for example, measuring increase of the acetaldehyde content after the polyester 
5 is heated to a temperature of 275°C to melt it and then molded into a stepped square plate molded product. The 
stepped square plate molded product can be produced in the following manner. 

[0420] In the first place. 2 kg of a particulate polyester (i.e., polyester pellets, starting material) whose acetaldehyde 
content (x % by weight) has been beforehand measured is dried for 1 6 hours or more under the conditions of a temper- 
ature of 1 40*0 and a pressure of 1 0 Torr using a tray dryer, to allow the particulate polyester to have a water content of 

70 not more than 50 ppm. 

[0421] The particulate polyester thus dried Is then injection molded by an injection molding machine of M-70A man- • 
ufactured by Meiki Seisakusho K.K. to obtain a stepped square plate molded product. In the molding, nitrogen having 
a dew point of -70°C is fed to the upper part of the hopper and the screw feeder shooting part at a rate of 5 Nm^/hr. The 
molding is carried out under the conditions of a barrel preset temperature of 275*C. C1/C2/C3/no22le tip temperatures 

15 of the molding machine of 260*C/290°C/290*C/3DO**C, and a mold cooling temperature of 15°C. 

[0422] In the injection molding, the dried particulate polyester is fed through the hopper to the injection molding 
machine having been adjusted to have molding conditions of metering of 12 seconds and injection of 60 seconds. The 
residence time of the molten resin in the molding machine is about 72 seconds. The weight of a stepped square plate 
molded product is 75 g. and any one of the eleventh to fifteenth stepped square plate molded products from the begin- 

20 ning of the injection molding is used as a specimen for measuring the acetaldehyde content. 

[0423] The stepped square plate molded product has a shape shown in Fig. 1 . and the thicknesses of the parts A. 
B and C are about 6.5 mm, about 5 mm and about 4 mm respectively. The acetaldehyde content In the molded product 
is measured using the part C. 

[0424] The pan C of the stepped square plate molded product produced as above is cut into chips, and using the 
25 chips as acetaldehyde content measuring samples, the acetaldehyde content is measured . 

[0425] When the polyester, preferably polyethylene terephthalate. is subjected to the phosphorus-containing aque- 
ous solution treatment as described above, the resulting polyester has small increase of the acetaldehyde content and 
small decrease of the intrinsic viscosity in the molding process. 
[0426] The organic solvent treatment is described below. 
30 [0427] Examples of organic solvents used in the organic solvent treatment include alcohols having 1 to 1 8 carbon 
atoms, preferably 1 to 10 carbon atoms, such as methanol, ethanol, propanol. Isopropand, butanoi, pentanol, hexanol, 
2-ethylhexanol, octanol, dodecanol. octadecyt alcohol, oleyl alcohol, benzyl alcohol, phenylethyl alcohol, cumyl alcohol, 
isopropyl alcohol and isopropylbenzyl alcohol; ketones having 3 to 15 carbon atoms, preferably 3 to 9 carbon atoms, 
such as acetone, methyl ethyl ketone, methyl isobutyl ketone, acetophenone..ben20phenone and benzoquinone; and 
35 saturated hydrocarbons having 5 to 16 carbon atoms, preferably 5 to 10 carbon atoms, such as butane, pentane. hex- 
ane. heptane, octane, nonane, decane, undecane, dodecane. tridecane. tetradecane, pentadecane and hexadecane. 
Of these, isopropanol or acetone is preferable. 

[0428] The contact of the polyester with the organic solvent can be carried out continuously or batchwise. Specifi- 
cally, the contact can be carried out in the same manner as in the phosphorus-containing aqueous solution treatment 
40 except for using the organic solvent instead of the phosphorus-containing aqueous solution. 

[0429] The temperature for the contact of the polyester with the organic solvent is in the range of usually 0 to 1 00**C. 
preferably 10 to 95 ''C. although it varies depending upon the boiling point of the organic solvent. The contact time is in 
the range of usually 3 minutes to 5 hours, preferat>ly 30 minutes to 4 hours. 

[0430] After the contact of the polyester with the organic solvent, the polyester is separated from the organic sol- 
45 vent, hydro-extracted by a hydro-extracting device such as a partrcle vibrating screen or a Simon Carter (Gel dryer), and 
dried. Drying of the polyester having been contacted with the organic solvent can be carried out by a conventional dry- 
ing method. Specifically, the continuous drying method or the batchwise drying method described above is available. 
[0431] When the polyester is brought into contact with the organic solvent as described above, the resulting poly- 
ester has small increase of the acetaldehyde content during the molding process. The reason is presumably that the 
so polycondensation catalyst in the polyester is deactivated by the contact of the polyester with the organic solvent. 

[0432] From such polyester, molded products hardly generating bad odor or foreign odor or hardly changing flavor 
or scent of the contents can be obtained. This can be confirmed by measuring the acetaldehyde content in the sample, 
which is obtained by heating the polyester to a temperature of 270"C to melt it and then cooling it to room tenperature. 
in accordance with the aforesaid method. 
55 [0433] When the polyester, preferably polyethylene terephthalate. is subjected to the organic solvent treatment as 
described above, the resulting polyester has small increase of the acetaldehyde content during the molding process. 
[0434] The phosphorus-containing organic solvent solution treatment is described below. 
[0435] Examples of phosphoric esters used in the phosphorus-containing organic solvent solution treatment 
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include the same phosphoric esters as used Inlhe phosphorus-containing aqueous solution treatment. 
[04361 Examples of organic solvents used in the phosphorus-containing organic solvent solution treatnnent include 
the same organic solvents as used in the organic solvent treatment. Of these, isopropanol or acetone is preferable. 
[04371 The phosphorus-containing organic solvent solution to be contacted with the polyester has a concentration 
(in terms of phosphorus atom) of not less than 10 ppm. preferably 10 to 100000 ppm, more preferably 100 to 70000 
ppm, particularly preferably 1 000 to 60000 ppm. 

[0438] When the concentration of the phosphorus-containing organic solvent solution is in the above range, the 
effect of inhibiting increase of the acetaldehyde content is high in the molding of the resulting polyester, and the molding 
can be made economically 

[0439] The contact of the polyester with the phosphorus-containing organic solvent solution can be earned out con- 
tinuously or batchwise. Specifically, the contact can be carried out in the same manner as in the phosphorus-containing 
aqueous solution treatment except for using the phosphorus-containing organic solvent solution instead of the phos- 
phorus-containing aqueous solution. 

[04401 The temperature for the contact of the polyester with the phosphorus-containing organic solvent solution is 
in the range of usually 0 to lOO^'C, preferably 0 to 95 °C, although it varies depending upon the boiling point of the 
organic solvent. The contact time is in the range of usually 5 minutes to 10 hours, preferably 30 minutes to 6 hours. 
[0441] After the contact of the polyester with the phosphorus-containing organic solvent solution, the polyester is 
separated from the phosphorus-containing organic solvent solution, hydro-extracted by a particle hydro-extracting 
device such as a vibrating screen or a Simon Carter and dried. Drying of the polyester having been contacted with the 
phosphorus-containing organic solvent solution can be carried but by a conventional drying method. Specifically, the 
continuous drying method or the batchwise drying method described above is available. 

[0442] When the polyester is brought into contact with the phosphorus-containing organic solvent solution as 
described above, the resulting polyester has small increase of the acetaldehyde content during the molding process. 
The reason is presumably that the polycondensation catalyst in the polyester is deactivated by the contact of the poly- 
ester with the phosphorus-containing organic solvent solution. 

[0443] From such polyester, molded products hardly generating bad odor or foreign odor or hardly changing flavor 
or scent of the contents can be obtained. 

[0444] This can be confirmed by measuring the acetaldehyde content in the sample, which is obtained by heating 
the polyester to a temperature of 285*'C to melt it and then cooling it to room temperature, in accordance with the afore- 
said method. . . 
[0445] When the polyester, preferably polyethylene terephthalate. is subjected to the phosphorus-containing 
organic solvent solution treatment as described above, the resulting polyester has small increase of the acetaldehyde 
content duri ng the molding process. 

[0446] Next, the polyester according to the invention is described. 

[0447] The polyester (P-l) can be produced by the aforesaid process using the catalyst for polyester production 
comprising the solid titanium compound (l-c) and the co-catalyst component (II) or the catalyst for polyester production 
comprising the titanium-containing solid compound (l-d) and if necessary the co-catalysl component (II). 
[0448] The intrinsic viscosity of the polyester (P-1 ) is desired to be usually not less than 0.50 dl/g, preferably 0.50 
to 1 .50 dl/g. more preferably 0.72 to 1 .0 dl/g. The density thereof is desired to be usually not less than^l .37 g/cm . pref- 
erably 1 .37 to 1 .44 g/cm^. more preferably 1 .38 to 1 .43 g/cm^, still more preferably 1 .39 to 1 .42 g/cm . 
[0449] The haze of the polyester (P-1) such as polyethylene terephthalate. i.e.. haze of a molded product m the 
form of a plate having a thickness of 4 mm obtained by molding the polyester at a molding temperature of 275X. is usu- 
ally not more than 20 %. preferably 0 to 10 %. 

[0450] The plate molded product for the measurement of a haze is the part C of the aforesaid stepped square plate 
molded product, and the stepped square plate molded product can be produced in the same manner as for the stepped 
square plate molded product for the measurement of increase of the acetaldehyde content. As a specimen for measur- 
ing the haze, any one of the eleventh to fifteenth stepped square plate molded products from the beginning of the injec- 
tion molding is used. In the measurement of a haze, a haze meter (Suga tester) HGM-2DP is used. 
[0451 ] The polyester (P-1 ) is excellent in tint, particularly in transparency, and has a low acetaldehyde content. The 
polyester (P-1) can be used as a material of various molded products. For example, the polyester is melt molded and 
used as blow molded articles (e.g.. bottles), sheets, films, fibers, etc.. but it is particularly preferably used as bottles. 
[0452] In order to produce bottles, sheets, films, fibers, etc. from the polyester (P-1) such as polyethylene tereph- 
thalate. hitherto known processes are available. 

[0453] Examples of the processes for producing bottles include a process comprising extruding the polyester (P-1 ) 
(preferably polyethylene terephthalate) in a molten state from a die to form a tubular parison. holding the parison in a 
mold of desired shape, and blowing air into the parison to fit it to the mold thereby to produce a blow molded article, and 
a process comprising injection molding the polyester (P-1) (preferably polyethylene terephthalate) to form a preform, 
heating the preform up to a temperature appropriate to stretching, holding the preform in a mold of desired shape, and 
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blowing air into the preform to fit It to the voo\6 thereby to produce a blow molded article. 

[0454] One example of the process for producing films or sheets is a process comprising extruding molten polyeth- 
ylene terephthalate from a T-die using an extruder and molding conditions hitherto known. The thus obtained films and 
sheets may be stretched by a known stretching method. 

5 [0455] One example of the process for producing fibers is a process comprising extruding a molten polyester (P-1 ), 
preferably molten polyethylene terephthalate. through a spinneret. The thus obtained libers may be stretched. 
[0456] The polyester (P-1), preferably polyethylene terephthalate, and the molded products obtained therefrom are 
excellent in transparency and tint and have a low acetaldehyde content. 
[0457] Another embodiment of the polyester according to the invention is described below. 

7a [0458] The polyester (P-2) is obtained by the aforesaid process for producing a polyester, wherein: 

the polycondensation catalyst which comprises the polycondensation catalyst component (I) comprising the hydro- 
lyzate (l-m) or the hydrolyzate (l-n) and the co-catalyst component (II) is used, and 
a tint adjusting gent is added in the estertf ication step or the polycondensation step. 

15 

[0459] The intrinsic viscosity of the polyester (P-2) is desired to be usually not less than 0.50 dl/g, preferably 0.50 
to 1 .50 dl/g, more preferably 0.72 to 1 .0 dl/g. The density thereof is desired to be usually not less than 1 .37 g/cm^, pref- 
erably 1 .37 to 1 .44 g/cm^. more preferably 1 .38 to 1.43 g/cm^, still more preferably 1 .39 to 1 .42 gfcrv?. 
[0460] . In the polyester (P-2). 

20 

a titanium atom is contained in an amount of 0.1 to 200 ppm, preferably 0.5 to 100 ppm, more preferably 1 to 50 
ppm, based on the weight of the polyester, and 

a metal atom M selected from beryllium, magnesium, calcium, strontium, barium, boron, aluminum, gallium, man- 
ganese, cobalt, zinc and antimony is contained in an amount of 0.1 to 500 ppm, preferably 0.5 to 300 ppm, more 
25 preferably 1 to 250 ppm, based on the weight of the polyester. 

[0461] The metal atom M is preferably magnesium, calcium or zinc, particularly preferably magnesium. Two or 
more kinds of metal atoms M may be contained, and in this case, the total of two or more kinds of the metal atoms is 
within the above range. 

30 [0462] The titanium atom contained in the polyester (P-2) is preferably a titanium atom derived from the poly- 
condensation catalyst Obtained by hydrolyzing a titanium hallde, and the metal atom M is preferably a metal atom 
derived from the co-catalyst component. 

[0463] The molar ratio (titanium atom/metal atom M) of the titanium atom to the metal atom M is in the range of 1/50 
to 50/1 , preferably 1/40 to 40/1 , more preferably 1/30 to 30/1 . 
35 [0464] The titanium atom content and the metal atom content in the polyester of the invention is measured by a flu- 
orescent X-ray method. 

[0465] In the polyester (P-2), the tint adjusting agent is desirably contained in an amount of 0.01 to 100 ppm. pref- 
erably 0.1 to 50 ppm. 

[0466] The content of a germanium atom in the polyester (P-2) is desirably not more than 5 ppm. 

40 [0467] The polyester (P-2), preferably polyethylene terephthalate, has an excellent tint. 
[0468] A further embodiment of the polyester according to the invention is described below. 
[0469] The intrinsic viscosity of the polyester (P-3) Is desired to be usually not less than 0.50 dl/g. preferably 0.50 
to 1 .50 di/g, more preferably 0.72 to 1 .0 dl/g. The density thereof is desired to be usually not less than 1 .37 g/cm^. pref- 
erably 1 .37 to 1 .44 g/cm^, more preferably 1 .38 to 1.43 g/cm^, still more preferably 1 .39 to 1 .42 g/cm^. 

45 [0470] In the polyester (P-3). 

a titanium atom is contained in an amount of 0.1 to 200 ppm, preferably 0.5 to 100 ppm, more preferably 1 to 50 
ppm, based on the weight of the polyester, and 

a metal atom M selected from beryllium, magnesium, calcium, strontium, barium, boron, aluminum, gallium, man- 
so ganese, cobalt, zinc and antimony is contained in an amount of 0.1 to 500 ppm, preferably 0.5 to 300 ppm, more 
preferably 1 to 250 ppm, based on the weight of the polyester. 

[0471] The metal atom M is preferably magnesium, calcium or zinc, particularly preferably magnesium. Two or 
more kinds of metal atoms M may be contained, and in this case, the total of two or more kinds of the metal atoms is 
55 within the above range. 

[0472] The content of a germanium atom in the polyester (P-3) is desirably not more than 5 ppm. 
[0473] The titanium atom contained In the polyester (P-3) is preferably a titanium atom derived from the poly- 
condensation catalyst obtained by hydrolyzing a titanium halide. and the metal atom M is preferably a metal atom 
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derived from the co-catalyst component 

[0474] The molar ratio (titanium atom/metal atom M) of the titanium atom to the metal atom M is in the range of usu- 
ally 0.05 to 50. preferably 0.1 to 30, more preferably 0.2 to 25. 

[0475] In the polyester (P-3). the content (Wq ppm) of acetaldehyde is not more than 4 ppm. preferably 0.1 to 3.5 
ppm, more preferably 0.5 to 3.0 ppm. 

[0476] When a content of acetaldehyde in a stepped square plate molded product obtained by heating the polyester 
(P-3) (acetaldehyde content: Wq ppm) to a temperature of 275°C to melt it and molding the molten polyester is taken 
as Wi ppm. the value of Wi-Wq is not more than 10 ppm. preferably not more than 9 ppm. 
[0477] The polyester (P-3). preferably polyethylene terephthalate. has a low acetaldehyde content and is remarka- 
bly inhibited in increase of the acetaldehyde content when the polyester is molded into a molded product. For example, 
when the polyester (P-3) is molded into a bottle, flavor or scent of the contents filled in the bottle is hardly deteriorated. 
[0478] In the present invention, the increase of the acetaldehyde content during the molding is determined by 
measuring an acetaldehyde content in a stepped square plate molded product of the polyester by the aforesaid method. 
[0479] In the present invention, the term "acetaldehyde content" means an acetaldehyde content (Wq ppm) meas- 
ured with respect to the polyester before molding and an acetaldehyde content (Wi ppm) measured with respect to the 
molded product obtained by injection molding of the polyester at a molding temperature of 275''C. From the values of 
Wq ppm and ppm, a value of W-i-Wq is calculated. 

[0480] When a polyester having a low acetaldehyde content (Wq ppm) and a Wi -Wq value (i.e.. increase of acetal- 
dehyde) of not more than 10 ppm is used, a molded product hardly generating bad odor or foreign odor and hardly 
changing flavor or scent of the contents can be obtained because the acetaldehyde content in the molded product is 

low. 

[0481 ] The polyester {P-3) is preferably polyethylene terephthalate. 

[0482] The polyester (P-3) having the above properties is obtained by preparing a polyester in a manner similar to 
that for preparing a polyester used in the aforesaid polyester treating method and then subjecting the polyester in which 
the reaction has been completed to the phosphorus-containing aqueous solution treatment, the organic solvent treat- 
ment or the phosphorus-containing organic solvent solution treatment. 

[0483] The acetaldehyde content in the polyester to be subjected to the phosphorusrcontaining aqueous solution 
treatment, the organic solvent treatment or the phosphorus-containing organic solvent solution treatment is usually not 
more than 4 ppm, preferably 0.1 to 3.5 ppm. more preferably 0.5 to 3.0 ppm. 

[0484] Of the above treatments, the phosphorus-containing aqueous solution treatment and the phosphorus-con- 
taining organic solvent solution treatment are preferable, and the phosphorus-containing aqueous solution treatment is 

more preferable. . . 

[0485] By subjecting the polyester in which the reaction has been conripleted to the phosphorus-containing aque- 
ous solution treatment, the organic solvent treatment or the phosphorus-containing organic solvent solution treatment, 
increase of the acetaldehyde content in the molding process can be inhibited. The reason why the increase of the 
acetaldehyde content in the polyester during the molding can be inhibited by subjecting the polyester to any of the 
above treatments is presumably that the polycondensation catalyst in the polyester is deactivated, and therefore even 
when the polyester is heated, the decomposition reaction or the ester interchange reaction hardly proceeds and the 
amount of the acetaldehyde produced becomes small. 

[0486] The polyester having been treated as above is remarkably inhibited in the increase of the acetaldehyde con- 
tent during the molding process. This can be confirmed by measuring the acetaldehyde content after the polyester hav- 
ing been subjected to the above treatment is heated to a temperature of 275*C to melt it and molded into a stepped 
square plate molded product. 

[0487] The polyester (P-3) has a low acetaldehyde content and small increase of acetaldehyde content in the mold- 
ing process. Therefore, molded products, e.g.. bottles, films and sheets, having a low acetaldehyde content can be 
obtained from the polyester. If molded products having a high acetaldehyde content are used as containers of foods and 
drinks, bad odor or foreign odor is generated . or flavor or scent of the contents is changed. Further, photographic films 
produced from a polyester having a high acetaldehyde content are liable to have fog. 

[0488] The polyester (P-3), preferably polyethylene terephthalate. has a low acetaldehyde content, and the amount 
of acetaldehyde produced in the molding process is small. Therefore, the amount of acetaldehyde contained in the 
resulting molded product is small. Accordingly, when the polyester (P-3) is used as a material of bottles, films and 
sheets and molded Into containers of foods and drinks, flavor or scent of the contents filled therein is not marred. 
[0489] A still further embodiment of the polyester according to the invention is described below. 



[0490] The intrinsic viscosity of the polyester (P-4) is desired to be usually not less than 0.50 dl/g. preferably 0.50 
to 1 .50 dl/g, more preferably 0.72 to 1 .0 dl/g. The density thereof is desired to be usually not less than 1 .37 g/cm . pref- 
erably 1 .37 to 1 .44 g/cm^. more preferably 1 .38 to 1 .43 g/cm^. still more preferably 1 .39 to 1 .42 g/cm 
[0491 ] In the polyester (P-4), 
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a titanium atom is contained in an amount of 0.1 to 200 ppm. preferably 0.5 to 100 ppm, more preferably 1 to 50 
ppm, based on the weight of the polyester, and 

a metal atom M selected from beryllium, magnesium, calcium, strontium, barium, boron, aluminum, gallium, man- 
ganese, cobalt, zinc and antimony is contained in an amount of 0.1 to 500 ppm, preferably 0.5 to 300 ppm, more 
5 preferably 1 to 250 ppm, based on the weight of the polyester. 

[0492] The metal atom M is preferably magnesium, calcium or zinc, particularly preferably magnesium. Two or 
more kinds of metal atoms M may be contained, and in this case, the total of two or more kinds of the metal atoms is 
within the above range. 

70 [0493] The content of a germanium atom in the polyester (P-4) is desirably not more than 5 ppm. 

[0494] The titanium atom contained in the polyester (P-4) is preferably a titanium atom derived from the poly- 
condensation catalyst obtained by hydrolyzing a titanium halide, and the metal atom M is preferably a metal atom 
derived from the co-catalyst component. 

[0495] The molar ratio (titanium atom/metal atom M) oHhe titanium atom to the metal atom M is in the range of usu- 
75 ally 0.05 to 50, preferably 0. 1 to 30. more preferably 0.2 to 25. 

[0496] In the polyester (P-4), the content (x % by weight) of a cyclic trimer (cyclic trimer of ethylene terephthalate 
represented by the following formula) is not more than 5 % by weight, preferably not more than 0.45 % by weight. 
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[0497] When a content of a cyclic trimer in a stepped square plate molded product obtained by heating the polyes- 
ter (P-4) (content of cyclic trimer: x % by weight) to a temp)erature of 290°C to melt it and molding the molten polyester 
30 is taken as y % by weight, x and y desirably satisfy the following relation 

y s -0.20x -I- 0.20, 

preferably y ^ -0.20x + 0.18 , 
35 more preferably y ^ -0.20x + 0.16 . 

[0498] Tbe polyester (P-4) has a low cyclic trimer content. Further, increase of the cyclic trimer content is remark- 
ably inhibited when the polyester is molded into a molded product, and the amount of a cyclic trimer contained in the 
polyester is small in the molding process, so that stain of a mold hardly takes place. For example, in the production of 

40 a blow molded article comprising feeding the polyester (P-4) to a molding machine such as an injection molding 
machine to prepare a preform for a blow molded article, inserting the preform into a mold of given shape and conducting 
stretch blow molding and heat setting, the amount of the cyclic trimer hardly increases, and the amount of the cyclic 
trimer contained in the. polyester in the molding is small, so that stain of the mold hardly takes place. 
[0499] The Increase of the cyclic trimer content during the molding of the polyester (P-4) is determined by measur- 

45 ing the amount of the cyclic trimer contained In a stepped square plate molded product produced from the polyester (P- 
4). The stepped square plate molded product is produced using, as a starting material, a particulate polyester (P-4) 
(polyester pellets) whose cyclic trimer content (x % by weight) has been previously measured, in the same manner as 
for a stepped square plate molded product used for measuring increase of the acetaldehyde content. 
[0500] As a specimen for measuring the cyclic trimer content, any one of the eleventh to fifteenth stepped square 

so plate molded products from the beginning of the injection molding is used. The part C of the stepped square plate 
molded product is cut into chips, and using the chips as cyclic trimer content measuring samples, the cyclic trimer con- 
tent (z % by weight) is measured. 

[0501 ] The cyclic trimer content in the particulate polyester before production of the stepped square plated molded 
product and that in the stepped square plate molded product are measured in the following manner. 
55 [0502] A given amount of a polyester Is dissolved in o-chtorophenol. then reprecipitated with tetrahydrofuran and 
filtered to remove a linear polyester. Then, the filtrate is fed to a liquid chromatograph (LC7A. manufactured by Shi- 
madzu Seisakusho K.K.) to determine the amount of the cyclic trimer contained in the polyester. The obtained value is 
divided by the amount of the polyester to obtain the cyclic trimer content in the polyester. 
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10503] The increase (y % by weight) of the cyclic trimer content given after the stepped square plate molded prod- 
uct is produced by melting the polyester under healing at 290'C is a value of z (%by weight) - x pfc by vi»eigW). 
[0504] The polyester (P-4) is preferably polyethylene terephthalate. 

[05051 The polyester (P-4) having the above properties is obtained by subjecting a polyester, which has been pro- 
duced in a manner similar to that for preparing a polyester used in the aforesaid polyester treating method and has been 
obtained through the esterification step, the liquid phase polycondensation step and the solid phase polycondensation 
step to the phosphorus-containing aqueous solution treatment, the organic solvent treatment or the phosphorus-con- 
taining organic solvent solution treatment. The polyester to be subjected to any of the above treatments is usually par- 
ticulate, but it may be in the form of powder or strand. 

[0506] The cyclic trimer content in the polyester to be subjected to the phosphwus-containing aqueous solution 
treatment, the organic solvent treatment or the phosphorus-containing organic solvent solution treatment is usually not 
more than 0.5 % by weight, preferably not more than 0.45 % by weight. 

[0507] The polyester (P-4) having been treated as above is remarkably inhibited in the increase of the cyclic trimer 
content when it is molded into a blow molded article or the like. This can be confirmed by measuring the cyclic trimer 
content after the polyester (P-4) having been subjected to the above treatment is heated to a temperature of 290'C to 
melt it and molded into a stepped square plate molded product. , . 

[0508] By subjecting the polyester to the phosphorus-containing aqueous solution treatment, the organic solvent 
treatment or the phosphorus-containing organic solvent solution treatment, increase of the cyclic trimer content in the 
polyester during molding of the polyester into a stepped square plate molded product under heating to a temperature 

so of ascC can be inhibited. . . ...... 

[0509] The reason why the increase of the cydic trimer content in the polyester dunng the molding can be inhibited 
by subjecting the polyester to the phosphorus-containing aqueous solution treatment, the organic solvent treatment or 
the phosphorus-containing organic solvent solution treatment is presumably that the polycondensation catalyst. e.g. 
titanium compound polycondensation catalyst, in the polyester is deactivated by any of the above treatments, and 
therefore even when the polyester is heated, the decomposition reaction or the ester interchange reaction hardly pro- 
ceeds and the amount of the cyclic trimer produced becomes small. ... 

[051 0] When a molded product is produced from the thus treated polyester (P-4) having a low cyclic trimer content 
by for example injection molding, the amount of the cyclic trimer contained in the polyester is small in the molding proc- 
ess Therefore stain of a mold caused by adhesion of the cyclic trimer to an inner surface of a mold or to a gas exhaust 
vent or a gas ediaust pipe of a mokJ hardly takes place, and the cyclic trimer does not adhere to a vent zone of an injec- 
tion molding machine. ... i _u 

[051 11 The blow molded article according to the invention is produced from the polyester (P-4) (preferably polyeth- 
ylene terephthalate) having an intrinsic viscosity of not less than 0.50 dl/g. a titanium atom content in a speaf ic range, 
a content of metal atom M in a specific range, a titanium atomMietal atom ratio in a specific range, a cyclic trimer con- 
tent of not more than 0.5 % by weight and a specific relation between the cydic trimer content and inaease of the cyclic 
trimer content after molding of the polyester into a stepped square plate molded product This Wow molded arlide has 
a cydic trimer content of not more than 0.6 % by weight, preferably 0.10 to 0.55 % by weight, more preferably 0.15 to 

0.50 % by weight. . ^ . . ., , 

[051 2] Measurement of the cydic trimer content in the blow molded artide is carried out by the aforesaid method 

40 using a sample picked from the blow molded article. .... 
[051 3] The blow molded artide can be produced by a process hitherto known. Specifically, a preform is first pre- 
pared from the polyester (P-4). preferably polyethylene terephthalate. The preform can be prepared by a method hith- 
erto known for example, injection molding or extrusion molding. In the preparation of a preform, the heating 
temperature of polyethylene terephthalate is preferably in the range of 90-C to 1 10»C. Then, the preform is heated to a 

45 temperature appropriate to stretching and subjeded to stretch blow moWing to produce a blow molded artide. 

[051 4] If a Wow molded article is produced from the polyester (P-4) having a low cydic tnmer content and having 
been subjected to the specific treatment the amount of the cyclic trimer produced in the moWing process is smalL 
Therefore in the production of a blow moWed arlide comprising feeding the polyester (P-4) to a molding machine sudi 
as an injection molding machine to prepare a blow molded artide preform, inserting the preform into a mold of given 

50 shape and conducting stretch blow molding and heat setting, stain of a mold caused by adhesion of the cyclic trimer to 

the mold hardly takes place. -„ ... w • i 
[051 5] Since the blow molded artide according to the invention is obtained from the polyester (P-4) having a low 
cyclic trimer content and having been subjected to the specific treatment, the amount of a cydic trimer produced in the 
molding process is small, and therefore the Wow molded artide has a low cydic trimer content and hardly suffers sur- 
fs face roughening or whitening (staining). , , . , ^» 

[0516] In the polyester (P-4). preferaWy polyethylene terephthalate. the cyclic tnmer content is low. and the amount 
of a cydic trimer produced in the molding process is small. Therefore, the amount of a cydic trimer contained in the pol- 
yester during the molding is sma«. and stain of a mold hardly takes place. Accordingly, it is unnecessary to carry out 
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frequent washing in the prcKluction of molded products, and hence the productivity of tdlow molded articles such as bot- 
tles or molded products such as films and sheets can be increased. In addition, whitening (staining) of the blow molded 
articles, films and sheets can be prevented. 

[0517] The blow molded article according to the invention Is obtained from the above-mentioned polyester, prefer- 
5 ably polyethylene terephthalate, so that the cyclic trimer content in the blow molded article is tow. and the blow molded 
article hardly suffers surface roughening or whitening (staining). 

[051 8] . A still further emtDodiment of the polyester according to the Invention is described. 
[0519] The polyester (P-5) is prepared by the use of an aromatic dicarboxylic add or an ester-forming derivative 
thereof and an aliphatic diol or an ester-forming derivative thereof, if necessary, polyfunctional compounds as starting 
10 materials, and is preferably polyethylene terephthalate comprising recurring units derived from terephthalic acid or an 
ester-forming derivative thereof and recurring units derived from ethylene glycol or an ester-forming derivative thereof. 
The polyethylene terephthalate may further contain recurring units derived from other dicarboxylic acids and/or other 
diols in amounts of not more than 20 % by mol. 

[0520] Examples of dicarboxylic acids other than terephthalic acid and diols other than ethylene glycol include the 

15 same compounds previously described. 

[0521] The polyethylene terephthalate may further contain recurring units derived from polyfunctional compounds 
such as trimestc acid, trimethylolethane, trimethylolpropane, trimethylolmethane and pentaerythritol. The recurring 
units derived from such polyfunctional compounds are preferably contained in amounts of 0 to 2 % by mol based on the 
recurring units derived from diol. 

20 [0522] The polyester containing the recurring units derived from the polyfunctional compourds in the atxyve amount 
tends to have high melt f lowabllity. 

[0523] The intrinsic viscosity of the polyester (P-5) is desired to be usually not less than 0.50 dl/g, preferably 0.50 
to 1 .50 dl/g, more preferably 0.72 to 1 .0 dl/g. The density thereof is desired to be usually not less than 1 .37 Qfcrr?, pref- 
erably 1 .37 to 1 .44 g/cm^, more preferably 1 .38 to 1.43 g/cm^. still more preferably 1 .39 to 1 .42 g/cm*^. 
25 [0524] When the ratio (L/T) of a flow length (L) to a flow thickness (T) in the injection molding of the polyester (P-5) 
at 290''C is taken as Y and the intrinsic viscosity of a molded product obtained by the injection molding is taken as X 
(dl/g). X and Y satisfy the following relation 

Y e 647 - 500X. 

30 

preferably Y b 647.5 - 500X , 
more preferably Y & 648 - 500X . 

[0525] The polyester (P-5). which has the above relation between X and Y with the proviso that Y is a ratio (LTT) of 
35 a flow length (L) to a flow thickness (T) In the injection molding of the polyester at 290'*C and X Is an intrinsic viscosity 
of a molded product obtained by the injection molding, exhibits high melt f lowability and excellent moldabiiity even if the 
polyester has a high intrinsic viscosity. 

[0526] In the present invention, the ratio (UT) of a flow length (L) to a flow thickness (T) in the injection molding of 
the polyester (P-5) at 290°C is measured in the following manner. 
40 [0527] In the first place, 2 kg of a particulate polyester (P-5) (polyester pellets) Is dried for 16 hours or more under 
the conditions of a temperature of 1 40''C and a pressure of 1 0 Torr using a tray dryer, to allow the particulate polyester 
(P-5) to have a water content of not more than 50 ppm. 

[0528] Tben, the thus dried sample is molded by an injection molding machine of M70B model manufactured by 
Meiki Seisakusho K.K. at a cylinder temperature of 290*'C using a L/T mold manufactured by Mitsui Chemicals, Inc. and 
45 setting the mold temperature at 15*^0. The molding conditions are as follows. 

Injection pressure: 120 kg/cm^ (gauge pressure) 
Injection rate: 90 % 
Metering position: 40 mm (constant) 
50 Injection time: 10 seconds (constant) 
Cooling time: 20 seconds (constant) 

[0529] The UT mold has a cavity in a shape of 125 cm (length) x 10 mm (width) x 2 mm (thickness) and is provided 
with a gate at the lengthwise end. 
55 [0530] The injected resin flows spirally and radially from the gate portion In the cavity to melt and the molten resin 
moves in the cavity with keeping its shape of 10 mm in width and 2 mm in thickness (T). 

[0531 ] Samples for the L/T measurement are those of the eleventh shot to the twentieth shot from the beginning of. 
molding. The flow lengths (L) of the samples are measured, an average of the lengths is calculated, and UT is then cal- 
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culated. 

10532] The intrinsic viscosity (X) of the molded product obtained by the Injection molding Is determined as follows. 
A solution of a sample in a mixed solvent of phenol/1 .1 .2,2-tetrachloroethane (50/50 by weight) having a concentration 
of 0,5 g/d! is prepared, then the solution viscosity of the sample solution is measured at 25^. and irom the solution vis- 
5 cosity, the intrinsic viscosity is calculated. The sample for the intrinsic viscosity measurement Is selected from the sam- 
ples for the UT measurement, 

[0533] The polyester (P-5) has the above relation between the ratio (Y) of a flow length to a flow thickness in the 
injection molding of the polyester at 290*C and the intrinsic viscosity (X) of a molded product obtained by the injection 
molding, and the polyester (P-5) having such relation exhibits high melt f lowability and excellent moldability. 

10 [0534] In the polyester ( P-5) . the titanium atom content is in the range of preferably 1 to 1 00 ppm, particularly pref- 
erably 1 to 80 ppm, and the magnesium atom content is in the range of preferably 1 to 200 ppm, particularly preferably 
1 to 100 ppm. The weight ratio (Mg/Ti) of the magnesium atom to the titanium atom contained in the polyester (P-5) is 
desired to be not less than 0.01. preferably 0.06 to 10. particularly preferably 0.06 to 5. The polyester (P-5) having a 
weight ratio (Mg/Ti) of the magnesium atom to the titanium atom in the above range tends to have excellent transpar- 

75 ency. The chlorine content in the polyester (P-5) is preferably In the range of 0 to 1 000 ppm. particularly preferably 0 to 
100 ppm. 

[0535] The polyester (P-5) having the above properties can be produced by, for example, the following process. 
[0536] aromatic dicarboxylic acid or an ester-forming derivative thereof and an aliphatic diol or an ester-forming 

derivative thereof, preferably, terephthalic acid or an ester-forming derivative thereof and ethylene glycol or ester-form- 
20 ing derivative thereof, and if necessary, the aforesaid dicarboxylic acids, diols and polyfunctional compounds are used 
as starting materials, and they are subjected to the esterif ication step, the liquid phase polycondensation step, and if 
necessary, the solid phase polycondensation step using the below-described polycondensation catalyst, whereby the 
polyester (P-5) can be obtained. 

[0537] As the polycondensation catalyst, a titanium compound catalyst Is employable, and examples thereof 
25 include titanium alkoxides. such as titanium butoxide and titanium tetraisopropoxide; organic titanium compounds, such 
as acetylacetonato salt of titanium: and hydrolyzates obtained by hydrolysis of titanium alkoxides or hydrolysis of tita- 
nium halides. Hydrolysis of the titanium alkoxides or the titanium halides may be carried out in the presence of the com- 
pound of another element. 

[0538] In the production of the polyester (P-5), it is preferable to use the aforesaid hydrolyzate (l-m) or (l-n) (tita- 
30 nium-containlng hydrolyzate (A-2)) as the polycondensation catalyst. 

[0539] The titanium-containing hydrolyzate (A-2) Is used in combination with a co-catalyst component (II), if neces- 
sary. 

[0540] Examples of the co-catalyst components (II) Include the same co-catalyst compounds as previously 
described. Of these, preferable are magnesium compounds such as magnesium carbonate and magnesium acetate; 
35 calcium compounds such as calcium carbonate and calcium acetate; and zinc compounds such as zinc chloride and 
zinc acetate. The co-catalyst compounds can be used singly or in combination of two or more kinds. 
[0541 ] When the magnesium compound is used as the co-catalyst component (II), polyethylene terephthalate hav- 
ing excellent transparency is obtained. 

[0542] The co-catalyst component (11) is desirably used in such an amount that the molar ratio ((ll)/(i)) of the metal 
40 atom (II) in the co-catalyst component to titanium (and another element if the titanium-containing hydrolyzate (A-2) con- 
tains another element) (I) in the polycondensation catalyst is In the range of 1/50 to 50/1 . preferably 1/40 to 40/1 . more 
preferably 1/30 to 30/1 . When a phosphorus compound such as a phosphate or a phosphite Is used, the amount thereof 
Is an amount in terms of a metal atom contained in the phosphorus compound. 

[0543] The polycondensation catalyst is used in an amount of usually 0.0005 to 0.2 % by weight, preferably 0.001 
45 to 0.05 % by weight, in terms of weight of a metal in the polycondensation catalyst, based on the weight of a mixture of 
the aromatic dicarboxylic acid and the aliphatic diol. When the aforesaid stabilizer is used, the amount thereof is in the 
range of usually 0.001 to 0.1 % by weight, preferably 0.002 to 0.02 % by weight, in terms of a phosphorus atom In the 
stabilizer. The polycondensation catalyst and the stabilizer can be fed in the eslerlficatlon reaction step, or can be fed 
to the reactor of the first stage of the polycondensation reaction step. 
so [0544] The intrinsic viscosity of the polyester (P-5) obtained as above is desired to be usually not less than 0.50 
dl/g. preferably 0.50 to 1 .50 dl/g. more preferably 0.72 to 1 .0 dl/g. The density of the polyester (P-5) is desired to be usu- 
ally not less than 1.37 g/cm^. preferably 1.37 to 1.44 g/cm^. more preferably 1.38 to 1.43 g/cm^, still more preferably 
1.39 to 1.42 g/cm^. 

[0545] When the ratio (L/T) of a flow length (L) to a flow thickness (T) in the injection molding of the polyester (P-5) 
55 at 290*C Is taken as Y and the intrinsic viscosity of a molded product obtained by the injection molding is taken as X 
(dl/g), X and Y satisfy the relation Y b 647-500X . Further, the polyester (P-5) desirably has a titanium atom content of 
1 to 100 ppm. partlculariy 1 to 80 ppm, and a magnesium atom content of 1 to 200 ppm, partlculariy 1 to 100 ppm. The 
weight ratio (Mg/Ti) of the magnesium atom to the titanium atom contained In the polyester (P-5) Is desired to be not 
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less than 0.01, preferably 0.06 to 10. particularly preferably 0.06 to 5. When the polycondensation catalyst (I) is used 
as a polycondensation catalyst and the co-catalyst component (II) is optionally used in combination, the resulting poly- 
ester (P-5) exhibits excellent tint and transparency and has a low acetaldehyde content and a low content of an oli- 
gomer such as a cyclic trimer, 

5 [0546] The polyester (P-5) produced as above may contain additives hitherto known, such as stabilizer, release 
agent, antistatic agent, dispersant and colorant (e.g., dye. pigment). These additives may be added In any step of the 
process for producing the polyester (P-5). and may be added by forming a nnasterbatch before molding. 
[0547] The polyester (P-5) can be used as a material of various molded products. For example, the polyester (P-5) 
is melt molded and used as blow molded articles (e.g., bottles), sheets, films, fibers, etc.. but it is particularly preferably 

10 used as bottles. 

[0548] In order to produce bottles, sheets, films, fibers, etc. from the polyester (P-5), hitherto known processes are 
available. 

[0549] The polyester (P-5) has high melt flowability and exhibits excellent moldability when molded into blow 
molded articles, films, sheets, fibers and the like. 
75 [0550] The preform for a blow molded article and the blow molded article according to the invention are obtained 
from the polyester (P-5) and have excellent transparency. 

EFFECT OF THE INVENTION 

20 [0551 ] The catalyst for polyester production according to the invention can produce a polyester with higher catalytic 
activity as compared with a germanium compound or an antimony compound which has been heretofore used as a 
polycondensation catalyst. According to the invention, a polyester having more excellent transparency and tint and 
lower acetaldehyde content can be obtained as compared with the case of using an antimony compound as a poly- 
condensation catalyst. 

25 [0552] The <3talyst for polyester production according to the invention, which comprises the solid titanium com- . 
pound (i-a) and/or the titanium-containing solid conpound (l-b). and if necessary, the co-catalyst component (II). can 
produce a polyester with higher catalytic activity as compared with a germanium compound or an antimony compound 
which has been heretofore used as a polycondensation catalyst. Further, when this catalyst is used, a polyester having 
more excellent transparency and tint and lower acetakiehyde content can be obtained as compared with the case of 

30 using an antimony compound as a polycondensation catalyst. Furthermore, a polyester, e.g.. polyethylene terephtha- 
late, obtained by the use of the catalyst of the invention and a molded product formed therefrom have excellent trans- 
parency and tint and have a low acetaldehyde content 

[0553] The catalyst for polyester production according to the invention, which comprises the solid titanium com- 
pound (l-c) and the co-catalyst component (II) or comprises the titanium-containing solid compound (1-d) and if neces- 
35 sary the co-catalyst component (II), can produce a polyester with higher catalytic activity as compared with a 
germanium compound or an antimony compound which has been heretofore used as a polycondensation catalyst. Fur- 
ther, when this catalyst is used, a polyester having more excellent transparency and tint and lower acetaldehyde content 
can be obtained as compared with the case of using an antimony compound as a polycondensation catalyst. 
[0554] The catalyst for polyester production according to the invention, which comprises the solid titanium com- 
40 pound (l-e), the solkj titanium compound (l-f), the titanium-containing solid compound (l>g) or the titanium-containir^ 
solid compound (t-h). and if necessary, the co-catalyst component (II). can produce a polyester with higher catalytic 
activity as compared with a germanium compound or an antimony compound which has been heretofore used as a 
polycondensation catalyst. Further, when this catalyst Is used, a polyester having more excellent transparency and tint 
and lower acetaldehyde content can be obtained as compared with the case of using an antimony compound as a poly- 
ps condensation catalyst. 

[0555] The catalyst for polyester production according to the invention, which comprises the solid titanium com- 
pound (l-i) and if necessary the co-catalyst component (II). can produce a polyester with higher catalytic activity as 
compared with a germanium compound or an antimony compound which has been heretofore used as a polyconden- 
sation catalyst. Further, when this catalyst is used, a polyester having more excellent transparency and tint and lower 
50 acetaldehyde content can be obtained as compared with the case of using an antimony compound as a polycondensa- 
tion catalyst. 

[0556] The catalyst for polyester production according to the invention, which comprises a sluny obtained by heat- 
ing a mixture of (A-1 ) the hydrolyzate (l-j) or the hydrolyzate (l-k), (B) the basic compound and (C) the aliphatic diol, can . 
produce a polyester having a desired intrinsic viscosity for a short period of time. ' 
55 [0557] The catalyst for polyester production according to the invention, which comprises (A-2) the hydrolyzate (l-m) 
or the hydrolyzate (l-n) and (D) the metallic phosphate, or the catalyst for polyester production according to the inven- 
tion, which comprises a slurry obtained by heating a mixture of (A-2) the hydrolyzate (l-m) or the hydrolyzate (l-n). (E) 
the metallic compound, (F) the phosphorus compound and (G) the aliphatic diol, can produce a polyester having a low 
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acetaldehyde content with high polymerization activity. 

[0558] By the process for producing a polyester according to the invention wherein a catalyst comprising the cata- 
lyst component (I) which comprises the hydrolyzate or the hydrolyzate (I-k) and the co-catalyst component (II) is 
used as a polycondensation catalyst and the catalyst component (1) is added to the esterlfication reactor before the 
5 beginning of the esterlfication reaction or immediately after the beginning of the esterHicalion reaction, a polyester hav- 
ing a desired intrinsic viscosity can be obtained for a short period of time. 

[0559] By the process for producing a polyester according to the Invention wherein an aromatic dicarboxyllc acid or 
an ester-forming derivative thereof and an aliphatic did or an ester-forming derivative thereof are polycondensed in the 
presence of a polycondensation catalyst selected from (1) a polycondensation catalyst comprising the hydrolyzate (I- 

10 m). (2) a polycondensation catalyst comprising the hydrolyzate (!-n) and (3) a polycondensation catalyst comprising the 
hydrolyzate (I-m) or the hydrolyzate (l-n) and a metallic compound, a phosphate or a phosphite, and in the presence of 
at least one compound selected from cyclic lactone compounds and hindered phenol compounds, a polyester can be 
produced with high polymerization activity, and the resulting polyester has a low acetaldehyde content. 
[0560] By the process for producing a polyester according to the invention wherein a catalyst comprising the poly- 

15 condensation catalyst component (I) which comprises the hydrolyzate (1-m) or the hydrolyzate (l-n) and the co-catalyst 
component (II) Is used and a tint adjusting agent is added in the esterHication step or the polycondensation step, a pol- 
yester having an excellent tint can be produced with high polymerization activity. 

[0561] By the method for treating a polyester according to the invention, a polyester having small increase of the 
acetaldehyde content and small deaease of the Intrinsic viscosity In the molding process can be obtained. 
20 [0562] The polyester (P-1) according to the invention has excellent transparency and tint and has a low acetalde- 
hyde content. 

[0563] The polyester (P-2) according to the invention has excellent tint. 

[0564] The polyester (P-3) according to the invention a low acetaldehyde content and is remarkably inhibited In 
increase of the acetaldehyde content when molded into a molded product. For example, when a bottle or the like is pro- 
25 duced from the polyester (P-3). flavor or scent of the contents filled in the bottle is hardly deteriorated. 

[0565] The polyester (P-4) according to the invention has a low cyclic trimer content, and the amount of the cyclic 
trimer produced in the molding of the polyester is small. 

[0566] The polyester (P-5) according to the Invention has high melt flowability and exhibits excellent moldability 
when molded into a blow molded article, a film, a sheet, a fiber or the like. 



30 



35 



EXAMPLE 



[0567] The present invention is further described with reference to the following examples, but It shouW be con- 
strued that the invention is in no way limited to those examples. 

Example 495-1 

Preparation of solid titanium compound 

40 [0568] Deionized water of 500 ml was weighed out and introduced into a 1000 ml glass beaker. The deionized 
water in the beaker was cooled in an ice bath, and thereto was dropwise added 5 g of titanium tetrachloride with stirring. 
When production of hydrogen chloride slopped, the beaker containing the reaction solution was taken out of the ice 
bath, and 25% aqueous ammonia was dropwise added with stirring, to adjust pH of the solution to 8. The precipitate of 
titanium hydroxide produced was separated from the supernatant liquid by centrif ugation of 2500 revolutions for 1 5 min- 

45 utes. Then, the resulting trtanium hydroxide precipitate was washed five times with deionized water. After the washing, 
solid-liquid separation was carried out by centrif ugation of 2500 revolutions for 15 minutes. The washed titanium 
hydroxide was vacuum dried at TG^'C under a pressure of 10 Tonr for 1 8 hours to remove water content, whereby a solid 
titanium compound was obtained. 

[0569] Prior to use as a polycondensation catalyst, the solid titanium compound was pulverized into particles of 

so about ^0\x. • u - 

[0670] The absorbed water content in the solid titanium compound thus obtained was measured by a Karl Fischer s 
water content meter. As a result, the absorbed water content was 6.73 % by weight. Further, the weight loss on heating 
was measured by thermogravimetry. As a result, the weight of the compound was reduced by 7.50 % by weight on heat- 
ing up to 280-C and was further reduced by 2.17 % by weight on heating from 280*C to 600*^C. based on the initial 

55 weight, and this weight loss proved to be due to desorption of water content and a nitrogen compound. In the catalyst, 
nitrogen was contained in an amount of 1.3 % by weight and chlorine was contained in an amount of only 14 ppm. 
Therefore, it Is presumed that nitrogen is derived from not ammonium chloride but ammonia. The titanium content in the 
solid titanium compound, as measured by a high-frequency plasma emission analyzer, was 46 % by weight. 
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[0571] From the above, the molar ratio between titanium and hydroxy! group in the solid titanium compound was 
found to be 1:0.157. Nitrogen and chlorine were analyzed by an all nitrogen microanalyzer (chemiluminescence 
method) and a chromatography, respectively, and for the calculation of the contents, they were considered to be des- 
orbed as ammonia and hydrogen chloride, respectively 

5 

Example 495-2 

Preparation of titanium-containino solid compound 

10 [0572] Deionized water of 500 ml was weighed out and introduced into a 1000 ml glass beaker. To the deionized 
water, 0.15 g of anhydrous magnesium hydroxide was added to give a dispersion. The dispersion in the beaker was 
cooled in an ice bath, and thereto was dropwise added 5 g of titanium tetrachloride with stirring. The liquid became 
acidic, and the magnesium hydroxide was dissolved. When production of hydrogen chloride stopped, the beaker con- 
taining the reaction solution was taken out of the Ice bath, and 25% aqueous ammonia was dropwise added with stir- 

15 ring, to adjust pH of the solution to 8. The precipitate of titanium-containing complex hydroxide produced was separated 
from the supernatant liquid by centrifugation of 2500 revolutions for 15 minutes. Then, the precipitate of titanium-con- 
taining complex hydroxide was washed five times with deionized water. After the washing, solid-liquid separation was 
carried out by centrifugation of 2500 revolutions for 15 minutes. The washed titanium-containing complex hydroxide 
was vacuum dried at 70^0 under a pressure of 10 Torr for 18 hours to remove water content, whereby a titanium-con- 

20 taining solid compound was obtained. 

[0573] In the titanium-containing solid compound, the ratio between titanium atom and magnesium atom was 91 :9 
by mol. By thermogravimetry. the molar ratio between titanium and hydroxy! group In the titanium-containing solid com- 
pound proved to be 1 :0.31 . Prior to use as a polycondensation catalyst, the titanium-containing solid compound was 
pulverized into particles of akx>ut 10 ^. 

25 

Example 495-3 

Preparation of titani um-containing solid compound 

30 [0574] Deionized water of 500 ml was weighed out and introduced into a 1000 ml glass beaker. To the deionized 
water. 0. 16 g of colloidal silica (trade name: Snowtex OXS) was added to give a dispersion. The dispersion in the beaker 
was cooled in an ice bath, and thereto was dropwise added 5 g of titanium tetrachloride with stirring. The liquid became 
acidic, and the colloidal silica was dissolved. When production of hydrogen chloride stopped, the beaker containing the 
reaction solution was taken out of the ice bath, and 25% aqueous ammonia was dropwise added with stirring, to adjust 

35 pH of the solution to 8. The precipitate of titanium-containing complex hydroxide produced was separated from the 
supernatant liquid by centrifugation of 2500 revolutions for 1 5 minutes. Then, the precipitate of titanium-containing com- 
plex hydroxide was washed five times with deionized water. After the washing, solid-liquid separation was carried out 
by centrifugation of 2500 revolutions for 15 minutes. The washed titanium-containing complex hydroxide was vacuum 
dried at 70°C under a pressure of 10 Torr for 18 hours to remove water content, whereby a titanium-containing solid 

40 compound was obtained. 

[0575] In the titanium-containing solid compound, the ratio between titanium atom and silicon atom was 94:6 by 
mol. By thermogravimetry, the molar ratio between titanium and hydroxy! group in the titanium-containing solid com- 
pound proved to be 1 :0.60. Prior to use as a polycondensation catalyst, the titanium-containing solid compound was 
pulverized into particles of about 10 ^. 

45 

Example 495-4 
Production of polyester 

so [0576] To a reactor in which 33500 parts by weight of a reaction solution was resident during the steady operation, 
a slurry prepared by mixing high-purity terephthalic acid (6458 parts by welght/hr) and ethylene glycol (2615 parts by 
weight/hr) was continuously fed with stirring under the conditions of a temperature of 260^0 and a pressure of 0.9 
kg/cm^-G in a nitrogen atmosphere, to perform esterification reaction. In the esterification reaction, a mixture of water 
and ethylene glycol was distilled off. 

55 [0577] The esterification reaction product (low condensate) was continuously drawn out of the system so that the 
average residence time was controlled to 3.5 hours. 

[0578] The number-average molecular weight of the low condensate of ethylene glycol and terephthalic acid was 
600 to 1 300 (trimer to pentamer). 
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[0579] Using the solid titanium compound prepared in Example 495-1 as a polycondensation catalyst, liquid phase 
polycondensation reaction of the low condensate was conducted. 

10580] The amount of the solid titanium compound added as the catalyst was 0.005 % by mol in terms of titanium 
atom, based on the terephthalic acid unit in the low condensate. The polycondensation reaction was canied out under 
the conditions of a temperature of 285'C and a pressure of 1 Torr. 

10581 ] The time (liquid phase polycondensation time) required to attain an Intrinsic viscosity (IV) of 0.58 dl/g of pol- 
yethylene terephthalate was 95 minutes. 

Example 495-5 

[0582] Polycondensation reaction was carried out in the same manner as in Example 495-4, except that the tita- 
nium-containing solid compound prepared in Example 495-2 was used as the polycondensation catalyst. 
[0583] The time (liquid phase polycondensation time) required to attain an intrinsic viscosity (IV) of 0.58 dl/g of pol- 
yethylene terephthalate was 76 minutes. 



Example 495-6 

[0584] Polycondensation reaction was carried out in the same manner as in Example 495-4, except that the tita- 
nium^containing solid compound prepared in Example 495-3 was used as the polycondensation catalyst. 
[0585] The time (liquid phase polycondensation time) required to attain an intrinsic viscosity (IV) of 0.58 dl/g of pol- 
yethylene terephthalate was 85 minutes. 



Example 495-7 

[0586] Polycondensation reaction was carried out in the same manner as in Example 495-4. except that magne- 
sium carbonate was used as the polycondensation catalyst in addition to the solid titanium compound prepared in 
Example 495-1 . The amount of magnesium carbonate added was 0.005 % by mol in terms of magnesium atom, based 
on the terephthalic acid unit in the low condensate. 

[0587] The time (liquid phase polycondensation time) required to attain an intrinsic viscosity (IV) of 0.58 dl/g of pol- 
yethylene terephthalate was 75 minutes. 



Example 495-8 

[0588] Polycondensation reaction was carried out in the same manner as in Example 495-4, except that magne- 
sium acetate was used as the polycondensation catalyst in addition to the solid titanium compound prepared in Exam- 
ple 495-1 . The amount of magnesium acetate added was 0.005 % by mol in terms of magnesium atom, based on the 
terephthalic acid unit in the low condensate. 

[0589] The time (liquid phase polycondensation time) required to attain an intrinsic viscosity (IV) of 0.58 dl/g of pol- 
yethylene terephthalate was 70 minutes. 



Example 495-9 

[0590] Polycondensation reaction was carried out in the same manner as in Example 495-4, except that the solid 
titanium compound prepared in Example 495-1 was stored in a closed container at room temperature for 2 months prior 
to use as the polycondensation catalyst. 

[0591] The time (liquid phase polycondensation time) required to attain an intrinsic viscosity (IV) of 0.58 dl/g of pol- 
yethylene terephthalate was 101 minutes. 

[0592] It can be seen from this example that the solid titanium compound according to the invention is free from 
deterioration with time and has good storage properties. For reference, it is shown in a comparative example of Japa- 
nese Patent Publication No. 26597/1972 that orthotitanic acid is deteriorated with time and lowered in the polyconden- 
sation activity. 



Comparative Example 495-1 

[0593] Polycondensation reaction was carried out in the same manner as in Example 495-4. except that antimony 
acetate that was industrially used was used as the polycondensation catalyst. The amount of antimony acetate added 
was 0.025 % by mot in terms of antimony, based on the terephthalic acid unit in the low condensate. 
[0594] The time (liquid phase polycondensation time) required to attain an intrinsic viscosity (IV) of 0.58 dl/g of pol- 
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yethylene terephthalate was 120 minutes. 

Comparative Example 495-2 

5 Preparation of titanium compound 

[0595] The titanium hydroxide obtained after washing with deionized water in Example 495-1 was boiled at lOO^'C 
for 2 hours and then dried, to obtain a titanium compound. 

10 Production of polyester 

[0596] Polycondensation reaction was carried out in the same manner as in Example 495-4, except that the tita- 
nium compound obtained above was used as the polycondensation catalyst. 

[0597] The time (liquid phase polycondensation time) required to attain an intrinsic viscosity (IV) of 0.58 dl/g of pol- 
15 yethylene terephthalate was 1 85 minutes. 

[0598] It is known that titanium hydroxide is converted into metatitanic acid when heated in water, and the titanium 
compound obtained by way of metatitanic acid has been found to have low polycondensation activity. 

Example 496-7 

20 

[0599] To an esterification reactor, 76.81 mol of high-purity terephthalic acid and 86.03 mol of ethylene glycol were 
fed at 100*C at atmospheric pressure. Then, 0.0045 mol of the titanium-containing solid compound prepared in Exam- 
ple 495-2 was further added as a catalyst. Thereafter, the temperature of the reactor was raised to 260**C, and the reac- 
tion was conducted for 340 minutes under a pressure of 1 .7 kg/cm^-G in a nitrogen atmosphere. Water produced by the 

25 reaction was continually distilled off from the system. 

[0600] The total amount of the reaction solution In the esterification reactor was transferred into a polycondensation 
reactor beforehand set at 260*'C. Then, a solution of 0.0073 mol of tributyl phosphate In 6.44 mol of ethylene glycol was 
further added to the reactor at atmospheric pressure, and the temperature of the reactor was raised to 280''C from 
260''C, while the pressure was reduced down to 2 Torr from atmospheric pressure. 

30 [0601] The reaction in the polycondensation reactor was further conducted for 108 minutes. Then, the reaction 
product was drawn out of the polycondensation reactor in the form of strands. The strands were immersed In water, 
cooled and cut into particles by a strand cutter to obtain polyethylene terephthalate. The intrinsic viscosity of the poly- 
ethylene terephthalate was 0.65 di/g, the titanium content and the magnesium content as measured by atomic absorp- 
tion analysis were 25 ppm and 2 ppm, respectively, and the Mg/Ti weight ratio was 0.08. 

35 [0602] The polyethylene terephthalate obtained by the liquid phase polymerization was then transferred into a solid 
phase polymerization tower, crystallized at 170*^0 for 2 hours in a nitrogen atmosphere, and then subjected to solid 
phase polymerization at 210°C for 13 hours to obtain particulate polyethylene terephthalate. The intrinsic viscosity of 
the polyethylene terephthalate was 0.825 dl/g. Using the polyethylene terephthalate. a stepped square plate molded 
product was produced in the same method as desaibed above. The haze of part C of the stepped square plate molded 

40 product was 1 7.8 %. 

Examples 496-8 to 496-13. Example 496-2C 

[0603] Polyethylene terephthalate was produced in the same manner as in Example 496-7, except that the catalyst 
45 and the polymerization conditions were changed as shown in Table 496-1 . The results are set forth in Table 496-1. 

Comparative Example 496-1 

Preparation of titanium compound 

50 

[0604] The titanium hydroxide obtained after washing with deionized water in Example 495-1 was boiled at lOO^'C 
for 2 hours and then dried, to obtain a titanium compound. 

Production of polyester 

55 

[0605] Polycondensation reaction was carried out in the same manner as in Example 496-7, except that the tita- 
nium compound obtained above was used as the polycondensation catalyst. 

[0606] The time (liquid phase polycondensation time) required to attain an intrinsic viscosity (IV) of 0.65 dl/g of poi- 
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yethylene terephthalate was 263 minutes. 

[0607] It is known that titanium hydroxide is converted into metatltanic acid when heated in water, and the titanium 
compound obtained by way of metatitanic acid has been found to have low polycondensation activity. 
[06081 The titanium content and the magnesium content in the polyethylene terephthalate were 25 ppm and 16 
ppm. respectively, the UgfTi ratio (by weight) was 0.64. and the chlorine cortlent in the polyethylene terephthalate was 
not more than 1 ppm. 
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Example 473-1 

Preparation of solid titanium compound 

5 106091 Deionized water of 500 ml was weighed out and introduced into a 1000 ml glass beaker. The deionized 
water in the beaker was cooled in an ice bath, and thereto was dropwise added 5 g of titanium tetrachloride with stirring. 
When production of hydrogen chloride stopped, the beaker containing the reaction solution was taken out of the ice 
bath, and 25% aqueous ammonia was dropwise added at room temperature with stirring, to adjust pH of the solution to 
9. To the solution, a 15% acetic acid aqueous solution was dropwise added at room temperature with stirring, to adjust 

10 pH of the solution to 5. The resulting precipitate was separated by filtration and washed 5 times with deionized water. 
After the washing, solid-liquid separation was carried out by liltration similarly to the above. The washed titanium com- 
pound was vacuum dried at 70°C under a pressure of 10 Terr for 18 hours to remove water content, whereby a solid 
titanium compound was obtained. ' ,4 

[06101 Prior to use as a potycondensation catalyst, the solid titanium compound was pulverized into particles of 

15 about 10 Jl. .rr- u » 

[061 1 ] The absorbed water content in the solid titanium compound thus obtained was measured by a Karl Fischer s 
water content meter. As a result, the absorbed water content was 1 1 .29 % by weight. Further, the weight loss on heating 
was measured by thermogravimetry. As a result, the weight loss on heating up to 600^C was 13.65 % by weight. Meas- 
urements of titanium content, nitrogen content and chlorine content in the solid titanium compound resulted in 43 % by 
20 weight. 510 ppm and 76 ppm. respectively. From these results, the molar ratio between titanium and hydroxy! group in 
the solid titanium compound was found to be 1 :0.28. The titanium content was measured by atomic absorption analysis. 
Nitrogen and chlorine were analyzed by an all nitrogen microanalyzer (chemiluminescence method) and chromatogra- 
phy, respectively, and for the calculation of the contents, they were considered to be desorbed as ammonia and hydro- 
gen chloride, respectively. 



25 



30 



35 



gxamole 473-2 

Pf fi pa raf'Q" sotid compound 

[0612] Deionized water of 500 ml was weighed out and introduced into a 1000 ml glass beaker. The deionized 
water in the beaker was cooled in an ice bath, and thereto was dropwise added 5 g of titanium tetrachloride with stirring. 
When production of hydrogen chloride stopped, the beaker containing the reaction solution was taken out of the ice 
bath, and 25% aqueous ammonia was dropwise added at room temperature with stirring, to adjust pH of the solution to 
5 The resulting precipitate was separated by filtration and washed 5 times with deionized water. After the washing, 
solid-liquid separation was carried out by filtration similarly to the above. The washed titanium compound was vacuum 
dried at 70^C under a pressure of 10 Torr for 18 hours to remove water content, whereby a solid titanium conrpound was 

obtained. . . ^ . * 

[0613] Prior to use as a polycondensation catalyst, the solid titanium compound was pulverized into particles of 

about 10 ji. . u * 

40 [061 4] With respect to the solid titanium compound obtained above, absorbed water content, weight loss on heating 
up to eoO'C, titanium content, nitrogen content and chlorine content were measured in the same manner as in Example 
473-1. As a result, the water content measured by a Karl Fischer's water content meter was 14.35 % by weight, the 
weight loss on heating up to 600»C was 16.82 % by weight, the titanium content was 40 % by weight, the nitrogen con- 
tent was 950 ppm. and the chlorine content was 54 ppm. From these results, the molar ratio between titanium and 
45 hydroxyl group in the solid titanium compound was found to be 1 :0.31 . 

Example 473-3 

PrAparation of solid titanium compound 



£0 



[0615] Deionized water of 500 ml was weighed out and introduced into a 1000 ml glass beaker. The deionized 
water in the beaker was cooled in an ice bath, and thereto was dropwise added 5 g of titanium tetrachloride with stirring. 
When production of hydrogen chloride stopped, the beaker containing the reaction solution was taken out of the ice 
bath, and 25% aqueous ammonia was dropwise added at room temperature with stirring, to adjust pH of the solution to 
55 3 5 The resulting precipitate was separated by filtration and washed 5 times with deionized water. After the washing, 
solid-liquid separation was carried out by filtration similarly to the above. The washed titanium compound was vacuum 
dried at 70''C under a pressure of 10 Torr for 18 hours to remove water content, whereby a solid titanium compound was 
obtained. 
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[0616] Prior to use as a polycondensation catalyst, the solid titanium compound was pulverized Into particles of 

about 10 jji. 

' [061 7] With respect to the solid titanium compound obtained above, absorbed water content, weight loss on heating 
up to 600'*C, titanium content, nitrogen content and chlorine content were measured in the same manner as in Example 
5 473-1. As a result, the water content measured by a Karl Fischer's water content meter was 12.24 % by weight, the 
weight loss on heating up to SOO^'C was 1 4.36 % by weigh!, the titanium content was 41 % by weight, the nitrogen con- 
tent was 150 ppm, and the chlorine content was' 26 ppm. From these results, the molar ratio between titanium and 
hydroxyl group in the solid titanium compound was found to be 1 :0.27. 

10 Example 473-4 

Preparation of solid titanium compound 

[0618] Deionized water of 500 ml was weighed out and introduced into a 1000 ml glass beaker. The deionized 
15 water in the beaker was cooled in an ice bath, and thereto was dropwise added 5 g of titanium tetrachloride with stirring. 
When production of hydrogen cNoride stopped, the beaker containing the reaction solution was taken out of the ice 
bath, and a 5% sodium hydroxide aqueous solution was dropwise added at room temperature with stirring, to adjust pH 
of the solution to 5. The resulting precipitate was separated by filtration and washed 5 times with deionized water. After 
the washing, solid-liquid separation was carried out by filtration similarly to the above. The washed titanium compound 
20 was vacuum dried at 70°C under a pressure of 10 Torr for 18 hours to remove water content, whereby a solid titanium 
compound was obtained. 

[0619] Prior to use as a polycondensation catalyst, the solid titanium compourKi was pulverized into particles of 
about 1 0 fi. 

[0620] With respect to the solid titanium compound obtained above, absorbed water content, weight loss on heating 
25 up to 600°C, metallic titanium content, metallic sodium content and chlorine content were measured in the same man- 
ner as in Example 473-1. As a result, the water content measured by a Karl Fischer's water content meter was 12.37 
% by weight, the weight loss on heating up to 600^*0 was 10.12 % by weight, the titanium content was 40 % by weight, 
and the chlorine content was 54 ppm. Sodium was not detected. From these results, the molar ratio between titanium 
and hydroxyl group in the solid titanium compound was found to be 1 :0.30. 

30 

Example 473-5 

Production of polyester 

35 [0621] To a reactor in which 33500 parts by weight of a reaction solution was resident during the steady operation, 
a slurry prepared by mixing high-purity terephthalic acid (6458 parts by weight/hr) and ethylene glycol (2615 parts by 
weight/hr) was continuously fed with stirring under the conditions of a temperature of 260°C and a pressure of 0.9 
kg/cm^-G in a nitrogen atmosphere, to perform esterification reaction, in the esterification reaction, a mixture of water 
and ethylene glycol was distilled off. 

40 [0622] The esterification reaction product (low condensate) was continuously drawn out of the system so that the 
average residence time was controlled to 3.5 hours. 

[0623] The number-average molecular weight of the low condensate of ethylene glycol and terephthalic acid was 
600 to 1 300 (trimer to pentamer). 

[0624] Using the solid titanium compourKi prepared In Example 473-1 and magnesium acetate as polycondensa- 
45 tion catalysts, liquid phase polycondensation reaction of the low condensate was conducted. 

[0625] The amount of the solid titanium compound added as the catalyst was 0.01 % by mol in terms of titanium 
atom and the amount of magnesium acetate added as the catalyst was 0.02 % by mot in terms of magnesium atom, 
each amount being based on the terephthalic acid unit in the low condensate. 

[0626] The polycondensation reaction was conducted under the conditions of a temperature of 280*C and a pres- 
50 sure of 1 Torr. As a result, the time (liquid phase polycondensation time) required to attain an intrinsic viscosity (IV) of 
0.65 dl/g of polyethylene terephthalate was 58 minutes. 

Example 473-6 

55 [0627] Polycondensation reaction was can-ied out in the same manner as in Example 473-5. except that the solid 
titanium compound prepared in Example 473-2 was used as the polycondensation catalyst. 
[0628] The time (liquid phase polycondensation time) required to attain an intrinsic viscosity (IV) of 0.65 dl/g of pol- 
yethylene terephthalate was 60 minutes. 
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« 

Example 473-7 

[0629] Polycondensation reaction was carried out in the same manner as in Example 473-5, except that the solid 
titanium compound prepared in Example 473-3 was used as the polycondensation catalyst. 
5 [0630] The time (liquid phase polycondensation time) required to attain an intrinsic viscosity (IV) of 0.65 dl/g of pol- 
yethylene terephthalate was 67 minutes. 

Example 473-8 

10 [0631 ] Polycondensation reaction was carried out in the same manner as in Example 473-5, except that the solid 
titanium compound prepared in Example 473-4 was used as the polycondensation catalyst. 
[0632] The time (liquid phase polycondensation time) required to attain an intrinsic viscosity (IV) of 0.65 dl/g of pol- 
yethylene terephthalate was 65 minutes. 

75 Comparative Example 473-1 

[0633] Polycondensation reaction was carried out in the same manner as in Example 473-5. except that antimony 
acetate that was industrially used was used as the polycondensation catalyst. The amount of antimony acetate added 
was 0.025 % by mol in terms of antimony, based on the terephthallc acid unit in the low condensate, 
20 [0634] The time (liquid phase polycondensation time) required to attain an intrinsic viscosity (IV) of 0.65 dl/g of pol- 
yethylene terephthalate was 120 minutes. 

Example 510-1 

25 Preparation of solid titanium compound 

[0635] Deionized water of 500 ml was weighed out and introduced into a 1000 ml glass beaker. The deionized 
water in the beaker was cooled in an ice bath, and thereto was dropwise added 5 g of titanium tetrachloride with stirring. 
At this time, the temperature of the solution was 0 to 5*C. When production of hydrogen chloride stopped, the beaker 

30 containing the reaction solution was taken out of the ice bath, arid 25% aqueous ammonia was dropwise added with 
stin-ing. to adjust pH of the solution to 8. At this time, the temperature of the solution was 0 to 10*'C. The precipitate of 
titaniurn hydroxide produced was filtered under a pressure of 4 kg/cm^-G through a pressure filter and separated. 
Thereafter, the precipitate of titanium hydroxide was washed 5 times with deionized water. After the washing, solid-liq- 
uid separation was carried out by pressure filtration under a pressure of 4 kg/cnf-Q similarly to the above. The washed 

35 titanium hydroxide was vacuum dried at 70'*C under a pressure of 10 Torr for 18 hours to remove water content, 
whereby a solid titanium compound was obtained. 

[0636] Prior to use as a polycondensation catalyst, the solid titanium compound was pulverized into particles of 
about 50 n- 

[0637] As a result of analysis of the solid titanium compound, the titanium content was 40 % by weight, the nitrogen 
40 content was 950 ppm, the chlorine content was 54 ppm. the weight loss on heating up to 600°C was 1 6.8 % by weight, 
and the absorbed water content was 15.25 % by weight. The OH/Ti ratio calculated from these results was 0.193. 
Measurement of crystalllnity resulted in 0 %. and this solid titanium compound was completely amorphous. 
[0638] In Examples 510-1 and 510-2 and Comparative Examples 510-1 and 510-2. X-ray diffraction intensity was 
measured under the following conditions. 

45 

X-ray: Cu K-ALPHA1/50 kV/3O0 mA 
Goniometer: RINT2000 wide angle goniometer 
Attachment: standard sample holder 
Filter: none 

so Counter monochrometer: fully automatic monochrometer 

Divergence slit: 1/2 deg. 

Scattering slit: 1/2 deg. 

Light receiving slit: 0.15 mm 

Counter: scintillation counter 
55 Scanning mode: continuous 

Scanning speed: 4Vmin 

Scanning step: 0.02** 

Scanning axis: 26/6 
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Scanning range: 1 .5 • 70* 

e Offset: O** 
Fixed angle: 0° 

5 Production of iX)lYes1er 

[0639] To a reactor in which 33500 parts by weight of a reaction solution was resident during the steady operation, 
a slurry prepared by mixing high-purity terephthalic acid (6458 parts by weight/hr) and ethylene glycol (2615 parts by 
weight/hr) was continuously fed with stirring under the conditions of a temperature of 260**C and a pressure of 0.9 
TO kg/cm^-G in a nitrogen atmosphere, to perform esterif ication reaction. In the esterification reaction, a mixture of water 
and ethylene glycol was distilled off. 

[0640] The esterification reaction product (low condensate) was continuously drawn out of the system so that the 
average residence time was controlled to 3.5 hours. 

[0641] The numt}er-average molecular weight of the low condensate of ethylene glycol and terephthalic acid was 
15 600 to 1300 (trimer to pentamer). 

[0642] Using the solid titanium compound prepared above and magnesium acetate as polycondensation catalysts, 
polycondensation reaction of the low condensate was conducted. 

[0643] The amount of the solid titanium compound added as the catalyst was 0.0105 % by mol in terms of titanium 
atom, based on the terephthalic acid unit in the low condensate, and the amount of magnesium acetate added as the 
20 catalyst was 0.021 % by mol in terms of magnesium atom, based on the terephthalic acid unit in the low condensate. 
In the polycondensation, tributyl phosphate was further added in an amount of 0.0105 % by mol in terms of phosphorus 
atom. The polycondensation reaction was conducted under the conditions of a temperature of 285**C and a pressure of 
1 Torr. to obtain polyethylene terephthalate (liquid phase polycondensation product) having an intrinsic viscosity of 0.65 
dl/g. The polycondensation time was 65 minutes. 

25 

Example 510>2 

Preparation o f solid titanium compound 

30 [0644] A solid titanium compound was obtained in the same manner as in Exanple 51 0-1 . except that the drying 
temperature is changed to 100*^0 from 70°C. 

[0645] Prior to use as a polycondensation catalyst, the solid titanium compound was pulverized into particles of 
atoouX 50 [x. 

[0646] As a result of analysis of the solid titanium compound, the titanium content was 43 % by weight, the nitrogen 
35 content was 510 ppm, the chlorine content was 76 ppm, the weight loss on heating up to 600"C was 1 3.65 % by weight, 
and the absorbed water content was 12.11 % by weight. The OH/Ti ratio calculated from these results was 0.182. 
Measurement of crystaltinity resulted in 7 %, and this solid titanium compound was slightly aystallized. 

Production of polyester 

40 

[0647] Polycondensation reaction was candied out in the same manner as in Example 510-1 . except that the solid 
titanium compound prepared atxjve was used. As a result, polyethylene terephthalate (liquid phase polycondensation 
product) having an intrinsic viscosity of 0.65 dl/g was obtained. The polycondensation time was 68 minutes. 

45 Comparative Example 510-1 

Preparation of solid titanium compound 

[0648] Deionized water of 500 ml was weighed out and introduced into a 1000 ml glass beaker, and thereto was 
so dropwise added 5 g of titanium tetrachloride with stirring. At this time, the temperature of the solution was about 25°C. 
After production of hydrogen chloride stopped, the temperature of the solution was kept at 80°C. and 25% aqueous 
ammonia was dropwise added with stirring, to adjust pH of the solution to 8. The precipitate of titanium hydroxide pro- 
duced was filtered under a pressure of 4 kg/cm^-G through a pressure filter and separated. Thereafter, the precipitate 
of titanium hydroxide was washed 5 times with deionized water. After the washing, solid-liquid separation was carried 
55 out by pressure filtration under a pressure of 4 kg/cm^-G similarly to the above. The washed titanium hydroxide was 
vacuum dried at 70*C under a pressure of 10 Ton- for 18 hours to remove water content, whereby a solid titanium com- 
pound was obtained. 

[0649] Prior to use as a polycondensation catalyst, the solid titanium compound was pulverized into particles of 
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about 50 \i. 

[06501 As a result of analysis of the solid titanium compound, the titanium content was 50 % by weight, the nitrogen 
content was 530 ppm, the chlorine content was 41 ppm. the weight loss on heating up to 600°C was 1 6.63 % by weight, 
and the absorbed water content was 14.68 % by weight. The OH/Ti ratio calculated from these results was 0.200. 
5 Measurement of crystallinity resulted in 64 %. and this solid titanium conpound was considerably crystallized. 

Production of polyester 

[0651 ] Polycondensation reaction was carried out in the same manner as in Example 510-1, except that the solid 
10 titanium compound prepared above was used. However, an intrinsic viscosity of 0.65 dl/g could not be obtained by the 
polycondensation for a period up to 240 minutes. 

Comparative Example 510-2 

15 Preparation of solid titanium compound 

[0652] Deionized water of 500 ml was weighed out and introduced into a 1000 ml glass beaker. The temperature of 
the deionized water was kept at 60*C. and 5 g of titanium tetrachloride was dropwise added with stirring. After produc- 
tion of hydrogen chloride stopped, the temperature of the solution was kept at SO'C, and 25% aqueous ammonia was 

20 dropwise added with stirring, to adjust pH of the solution to 8, The precipitate of titanium hydroxide produced was fil- 
tered under a pressure of 4 kg/cm^-G through a pressure filter and separated. Thereafter, the precipitate of titanium 
hydroxide was washed 5 times with deionized water. After the washing, solid-liquid separation was carried out by pres- 
sure filtration under a pressure of 4 kg/cm^-G similarly to the above. The washed titanium hydroxide was vacuum dried 
at 100*»C under a pressure of 10 Torr for 18 hours to remove water content, whereby a solid titanium compound was 

25 obtained. * 

[0653] Prior to use as a polycondensation catalyst, the solid titanium compound was pulverized into particles of 
about 50 |x. 

[0654] As a result of analysis of the solid titanium compound, the titanium content was 47 % by weight, the nitrogen 
content was 840 ppm. the chlorine content was 1050 ppm. the weight loss on heating up to eOO^C was 15.95 % by 
30 weight, and the absorbed water content was 13.62 % by weight. The OH/Ti ratio calculated from these results was 
0.240. Measurement of crystallinity resulted in 71 %. and this solid titanium compound was considerably crystallized. 

Production of polyester 

35 [0655] Polycondensation reaction was carried out in the same manner as in Example 510-1, except that the solid 
titanium compound prepared above was used. However, an intrinsic viscosity of 0.65 dl/g could not be obtained by the 
polycondensation for a period up to 240 minutes. 



40 



Exanru3le 498-1 

Preparation of titanium-containinQ hydrolvzate 



[0656] Deionized water of 500 ml was weighed out and introduced into a 1000 ml glass beaker. The deionized 
water in the beaker was cooled in an ice bath, and thereto was dropwise added 5 g of titanium tetrachloride with stirring. 

45 When production of hydrogen chloride stopped, the beaker containing the reaction solution was taken out of the ice 
bath, and 25% aqueous ammonia was dropwise added with stirring, to adjust pH of the solution to 8. The precipitate of 
titanium hydroxide produced was filtered under a pressure of 3 kg/cm^ through a pressure filter and separated. There- 
after, the precipitate of titanium hydroxide was washed 5 times with deionized water After the washing, solid-liquid sep- 
aration was carried out by pressure filtration under a pressure of 3 kg/cm^ similarly to the above. The washed titanium 

50 hydroxide was vacuum dried at 70'C under a pressure of 10 Ton- for 18 hours to remove water content, whereby a tita- 
nium-containing solid compound was obtained. 

[0657] Prior to use as a polycondensation catalyst, the titanium-containing solid compound was pulverized into par- 
ticles of about 10 ^m. 

55 Preparation of catalyst for polyeste r production 

[0658] A mixture of 1 0 g of the titanium-containing hydrolyzate. 65 g of ethylene glycol and 25 g of tetraethylammo- 
nium hydroxide was heated at 190°C for 3 hours to obtain a catalyst for polyester production. 
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Production of polyester 

[0659] To a reactor in which 33500 parts by weight of a reaction solution was resident during the steady operation, 
a slurry prepared by mixing high-purity terephthalic add and ethylene glycol was continuously fed, and esterif ication 
reaction was conducted under the conditions of a temperature of 260'*C and a pressure of 0.9 kg/cm^-G in a nitrogen 
atmosphere with stirring. The slun-y of high-purity terepht!ialic acid and ethylene glycol was prepared by mixing high- 
purity terephthalic add and ethylene glycol at rates of 6458 parts by weight/hr and 261 5 parts by weight/hr, respectively. 
[0660] in the esterif ication reaction, a mixture of water and ethylene glycol was distilled off. The esterif Ication reac- 
tion product (low condensate) was continuously drawn out of the system so that the average residence time was con- 
trolled to 3.5 hours. 

[0661] The number-average molecular weight of the low condensate of ethylene glycol and terephthalic acid was 
600 to 1300 (trimer to pentamer). 

[0662] To the low condensate, the catalyst for polyester production was added in an amount of 0.021 % by mol in 
terms of titanium atom, based on 1 mol of the terephthalic acid unit in the low condensate, and liquid phase polyconden- 
sation reaction was conducted under the conditions of a temperature of 285''C and a pressure of 1 Torr. The time 
required to attain an intrinsic viscosity of 0.65 dl/g of polyethylene terephthalate was 57 minutes. 

Example 498>1C 

[0663] Polycondensation reaction was carried out in the same manner as in Example 498-1, except that the tita- 
nium-containing hydrolyzate was used in an amount of 0.021 % by mol in terms of titanium atom, based on 1 mol of the 
terephthalic acid unit in low condensate, instead of the catalyst for polyester production. The time required to attain an 
intrinsic viscosity of 0.65 dl/g of polyethylene terephthalate was 3 hours and 55 minutes. The acetaldehyde content in 
the polyethylene terephthalate was 52 ppm. 

Comparative Example 498-2 

Preparation o f polycondensation catalvst m 

[0664] A mixture of 10 g of the titanium-containing hydrolyzate, 65 g of ethylene glycol and 25 g of acetic add was 
heated at 190^0 for 3 hours to obtain a polycondensation catalyst (1). 

Production of polyester 

[0665] Polycondensation reaction was carried out in the same manner as in Example 498-1 , except that the poly- 
condensation catalyst (1) was used in an amount of 0.021 % by mol in terms of titanium atom, based on 1 mol of the 
terephthalic acid unit in low condensate, instead of the catalyst for polyester production. The time required to attain an 
intrinsic viscosity of 0.65 dl/g of polyethylene terephthalate was 146 minutes. The acetaildehyde content in the polyeth- 
ylene terephthalate was 58 ppm. 

Comparative Example 498-3 

Preparation of polycondensation catalvst (2) 

[0666] A mixture of 10 g of the titanium-containing hydrolyzate and 90 g of ethylene glycol was heated at 190°C for 
3 hours to obtain a polycondensation catalyst (2). 

Production of polyester 

[0667] Polycondensation reaction was carried out in the same manner as in Example 498-1 , except that the poly- 
condensation catalyst (2) was used in an amount of 0.021 % by mol in terms of titanium atom, based on 1 mol of the 
terephthalic acid unit in low condensate, instead of the catalyst for polyester production. The time required to attain an 
intrinsic viscosity of 0.65 dl/g of polyethylene terephthalate was 1 hour and 50 minutes. 
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Example 501-1 

Preparation of titanium-containip q solid compound 

5 [0668] Deionized water of 500 ml was weighed out and Introduced into a 1000 ml glass beaker. The deionized 
water in the beaker was cooled in an ice bath, and thereto was dropwise added 5 g of titanium tetrachloride with stirring. 
When production of hydrogen chloride stopped, the beaker containing the reaction solution was taken out of the ice 
bath and 25% aqueous ammonia was dropwise added with stirring, to adjust pH of the solution to 8. The precipitate of 
titanium hydroxide produced was filtered under a pressure of 3 kg/cm^ through a pressure filter and separated. There- 

10 after, the precipitate of titanium hydroxide was washed 5 times with deionized water. After the washing, solid-liquid sep- 
aration was carried out by pressure filtration under a pressure of 3 kg/cm^ similarly to the above. The washed titanium 
hydroxide was vacuum dried at 70°C under a pressure of 10 Torr for 18 hours to remove water content, whereby a tita- 
nium-containing solid conpound was obtained. 

[0669] Prior to use as a polycondensation catalyst, the titanium-containing solid compound was pulverized into par- 
ts tides of about 1 0 ^m. 

Production of polvester 

[0670] To a reactor in which 33500 parts by weight of a reaction solution was resident during the steady operation, 
20 a slurry prepared by mixing high-purity terephthalic acid and ethylene glycol was continuously fed. and esterification 
reaction was conducted under the conditions of a temperature of 260»C and a pressure of 0.9 kg/cm^-G in a nitrogen 
atmosphere with stirring. The slurry of high-purity terephthalic acid and ethylene glycol was prepared by mixing high- 
purity terephthalic acid and ethylene glycol at rates of 6458 parts by weight/hr and 261 5 parts by weight^r. respectively. 
[0671] In the esterification reaction, a mixture of water and ethylene glycol was distilled off. The esterification reac- 
ts tion product (low condensate) was continuously drawn out of the system so that the average residence time was con- 
trolled to 3.5 hours. 

[0672] The number-average molecular weight of the low condensate of ethylene glycol and terephthalic acid was 
600 to 1300 (trimer to pentamer). 

[0673] To the low condensate, the titanium-containing solid compound was added in an amount of 0.021 % by mol 
30 in terms of titanium atom, based on the terephthalic acid unit in the low condensate, magnesium hydrogenphosphate 
was added in an amount of 0.021 % by mol in terms of magnesium atom, based on the terephthalk: acid unit in the low 
condensate, and phosphoric acid was added in an amount of 0.0105 % by mol in terms of phosphorus atom, and liquid 
phase polycondensation reaction was conducted under the conditions of a temperature of 285*C and a pressure of 1 
Torr. The time required to attain an intrinsic viscosity of 0.65 dl/g of polyethylene terephthalate was 57 minutes. The 
35 acetaldehyde content in the resulting polyethylene terephthalate was 60 ppm. 

Example 501-2 

[0674] Polycondensation reaction was carried out in the same manner as in Example 501 -1 . except that trimagne- 
40 sium diphosphate was used instead of magnesium hydrogenphosphate. The time required to attain an intrinsic viscos- 
ity of 0.65 dl/g of polyethylene terephthalate was 67 minutes. The acetaldehyde content in the resulting polyethylene 
terephthalate was 57 ppm. 
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Example 501-lC 

[0675] Polycondensation reaction was canied out in the same manner as in Example 501-1 . except that magne- 
sium acetate was used instead of magnesium hydrogenphosphate. The time required to attain an intrinsic viscosity of 
0.65 dl/g of polyethylene terephthalate was 1 00 minutes. The acetaldehyde content in the resulting polyethylene tereph- 
thalate was 70 ppm. 

Example 497-1 

Preparation of titanium-conta ining solid compound 

55 [0676] Deionized water of 500 ml was weighed out and introduced into a 1000 ml glass beaker. The deionized 
water in the beaker was cooled in an ice bath, and thereto was dropwise added 5 g of titanium tetrachloride with stirring. 
When production of hydrogen chloride stopped, the beaker containing the reaction solution was taken out of the ice 
bath, and 25% aqueous ammonia was dropwise added with stirring, to adjust pH of the solution to 8. The precipitate of 
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titanium hydroxide produced was filtered under a pressure of 3 kg/cm^ through a pressure filter and separated. There- 
after, the precipitate of titanium hydroxide was washed 5 times with deionized water. After the washing, solid-liquid sep- 
aration was carried out by pressure filtration under a pressure of 3 kg/cm^ similarly to the above. The washed titanium 
hydroxide was vacuum dried at 70*C under a pressure of 10 Torr for 18 hours to remove water content, whereby a tita- 
5 nium-containing solid compound was obtained. 

[0677] Prior to use as a polycondensation catalyst, the titanium-containing solid compound was pulverized into par- 
ticles of about 10 ^m. 

Production of polyester 

10 

[0678] To a reactor in which 33500 parts by weight of a reaction solution was resident durhg the steady operation, 
a slurry prepared by mixing high-purity terephthalic add and ethylene glycol was continuously fed. and esterification 
reaction was conducted under the conditions of a temperature of 260*C and a pressure of 0.9 kg/cm^-G in a nitrogen 
atmosphere with stirring. The slurry of high-purity terephthalic acid and ethylene glycol was prepared by mixing high- 

15 purity terephthalic acid and ethylene glycol at rates of 6458 parts by weight/hr and 261 5 parts by weight/hr, respectively. 
[0679] Before the beginning of the esterification reaction, the titanium-containing solid compound, magnesium ace- 
tate and tributyl phosphate were added. The amount of the titanium-containing solid compound added was 0.021 % by 
mol in terms of titanium atom, based on the terephthalic acid (unit), the amount of magnesium acetate added was 0.021 
% by mol in terms of magnesium atom, based on the terephthalic acid (unit), and the amount of tributyl phosphate 

20 added was 0.0105 % by mol in terms of phosphorus atom, based on the terephthalic acid (unit). 

[0680] In the esterification reaction, a mixture of water and ethylene glycol was distilled off. The esterification reac- 
tion product (low condensate) was continuously drawn out of the system so that the average residence time was con- 
trolled to 3.5 hours. 

[0681] The number-average molecular weight of the low condensate of ethylene glycol and terephthalic acid was 
25 600 to 1300 (trimer to pentamer). 

[0682] The low condensate thus obtained was subjected to liquid phase polycondensation reaction under the con- 
ditions of a temperature of 285°C and a pressure of 1 Torr. The time required to attain an intrinsic viscosity of 0.65 dl/g 
of polyethylene terephthatate was 56 minutes. 

■ 

30 Example 497-1C 

[0683] Polyethylene terephthalate was produced in the same manner as in Example 497-1, except that the tita- 
nium-containing solid compound was not added in the esterification reaction step but added to the reactor of the first 
step in the liquid phase polycondensation step. The time required to attain an intrinsic viscosity of 0.65 dl/g of polyeth- 
35 yiene terephthalate was 4 hours. 

Examole 499-1 

Preparation of titanium-containing solid compound 

40 

[0684] Deionized water of 500 ml was weighed out and introduced into a 1000 ml glass beaker. The deionized 
water in the beaker was cooled In an ice bath, and thereto was dropwise added 5 g of titanium tetrachloride with stirring. 
When production of hydrogen cNoride stopped, the beaker containing the reaction solution was taken out of the ice 
bath, and 25% aqueous ammonia was dropwise added with stirring, to adjust pH of the solution to 8. The precipitate of 

45 titanium hydroxide produced was filtered under a pressure of 3 kg/cm^ through a pressure filter and separated. There- 
after, the precipitate of titanium hydroxide was washed 5 times with deionized water. After the washing, solid-liquid sep- 
aration was carried out by pressure filtration under a pressure of 3 kg/cm^ similarly to the above. The washed titanium 
hydroxide was vacuum dried at 70**C under a pressure of 10 Torr for 18 hours to remove water content, whereby a tita- 
nium-containing solid compound was obtained. 

50 [0685] Prior to use as a polycondensation catalyst, the titanium-containing solid compound was pulverized into par- 
ticles of about 10 fim. 

Production of oolvester 

55 [0686] To a reactor in which 33500 parts by weight of a reaction solution was resident during the steady operation, 
a slurry prepared by mixing high-purity terephthalic add and ethylene glycol was continuously fed. and esterification 
reaction was conducted under the conditions of a temperature of 260°C and a pressure of 0.9 kg/cm^-G in a nitrogen 
atmosphere with stirring. The slurry of high-purity terephthalic acid and ethylene glycol was prepared by mixing high- 
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purity terephthalic acid and ethylene glycol at rates of 6458 parts by weightflir and 261 5 parts by weight/hr. respectively. 
[0687] In the esterif ication reaction, a mixture of water and ethylene glycol was distilled off. The esterif ication reac- 
tion product {low condensate) was continuously drawn out of the system so that the average residence time was con- 
trolled to 3.5 hours. ■ , ^ 
5 [0688] The number-average molecular weight of the low condensate of ethylene glycol and terephthalic acid was 

600 to 1300 (trimer to pentamer). 

[0689] To the low condensate, the titanium-containing solid compound and tributyl phosphate were added, and liq- 
uid phase polycondensation reaction was conducted under the conditions of a temperature of 285'C and a pressure of 
1 Ton The amount of the titanium-containing solid compound added was 0.021 % by mol in terms of titanium atom. 
10 based on 1 mol of the terephthalic acid unit in the low condensate, and the amount of tributyl phosphate added was 
0.0105 % by mol in terms of phosphorus atom, based on 1 mol of the terephthalic acid unit. The time required to attain 
an intrinsic viscosity of 0.65 dl/g of polyethylene terephthalate was 60 minutes. 



75 



gxampie 499-2 

[0690] Polycondensation reaction was carried out in the same manner as in Example 499-1. except that trioctyl 
phosphate was 'used instead of tributyl phosphate. The time required to attain an intrinsic viscosity of 0.65 dl/g of poly- 
ethylene terephthalate was 60 minutes. 

20 Example 499-3 

[0691 ] Polycondensation reaction was carried out in the same manner as In Example 499-1 . except that triphenyl 
phosphate was used instead of tributyl phosphate. The time required to attain an intrinsic viscosity of 0.65 dl/g of poly- 
ethylene terephthalate was 60 minutes. 



25 



35 



gxampie 499-4 



[0692] Polycondensation reaction was carried out in the same manner as in Example 499-1 . except that trimethyl 
phosphate was used Instead of tributyl phosphate. The time required to attain an intrinsic viscosity of 0.65 dl/g of poly- 
30 ethylene terephthalate was 75 minutes. 



Example 500-1 

Preparation o f titanium-containino solid compound 



[0693] Deionized water of 500 ml was weighed out and introduced into a 1000 ml glass beaker. The delonized 
water in the beaker was cooled in an ice bath, and thereto was dropwise added 5 g of titanium tetrachloride with stirring. 
When production of hydrogen chloride stopped, the beaker containing the reaction solution was taken out of the tee 
bath and 25% aqueous ammonia was dropwise added with stirring, to adjust pH of the solution to 8. The precipitate of 
40 titanium hydroxide produced was filtered under a pressure of 3 kg/cm^ through a pressure filter and separated. There- 
after the precipitate of titanium hydroxide was washed 5 times with delonized water. After the washing, sohd-hquid sep- 
aration was carried out by pressure filtration under a pressure of 3 kg/cm^ similarly to the above. The washed titanium 
hydroxide was vacuum dried at 70*^0 under a pressure of 10 Torr for 18 hours to remove water content, whereby a tita- 
nium-containing solid compound was obtained. 
45 [0694] Prior to use as a polycondensation catalyst, the titanium-containing solid compound was pulverized into par- 
ticles of about 10 pim. 

Production of oolvester 

50 [0695] To a reactor in which 33500 parts by weight of a reaction solution was resident during the steady operation, 
a slurry prepared by mixing high-purity terephthalic acid and ethylene glycol was continuously fed. and esterif Ication 
reaction was conducted under the conditions of a temperature of 260'C and a pressure of 0.9 kg/cm -G In a nitrogen 
atmosphere with stirring. The slurry of high-purity terephthalic acid and ethylene glycol was prepared by mixing high- 
purity terephthalic acid and ethylene glycol at rates of 6458 parts by weight/hr and 261 5 parts by welght/hr. respectively. 

55 [0696] In the esteriflcation reaction, a mixture of water and ethylene glycol was distilled off. The esterif ication reac- 
tion product (low condensate) was continuously drawn out of the system so that the average residence time was con- 
trolled to 3.5 hours. 

[0697] The number-average molecular weight of the low condensate of ethylene glycol and terephthalic acid was 
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600 to 1300 (trimer to pentamer). 

[0698] To the low condensate, the titanium-containing solid compound, magnesium acetate and tetrakis(methyl- 
ene-3(3.5-di-t-butyl-4-hydroxyphenyl)propionate)methane were added, and liquid phase polycondensation reaction 
was conducted under the conditions of a temperature of 285'*C and a pressure of 1 Torr. The amount of the titanium- 
5 containing solid compound added was 0.021 % by mol in terms of titanium atom, based on the terephthalic acid unit in 
the low condensate, the amount of magnesium acetate added was 0.021 % by mol in terms of magnesium atom, based 
on the terephthalic acid unit in the low condensate, and the amount of tetrak)S(methylene-3(3.5-di-t-butyt-4-hydroxyphe- 
nyl)propionate)methane added was 600 ppm based on the low condensate. 

[0699] The time required to attain an intrinsic viscosity of 0.65 dl/g of polyethylene terephthalate was 50 minutes. 
10 The acetaldehyde content in the resulting polyethylene terephthalate was 60 ppm. 

Example 500-2 

[0700] Polycondensation reaction was carried out in the same manner as in Exampte 500-1. except that bis(2,6-di- 
15 t-butyl-4-phenyimethyl)pentaerythritol diphosphite was used in an amount of 300 ppm based on the low condensate 
instead of tetrakis(methylene-3(3,5-di-t-butyl-4-hydroxyphenyl)propionate)methane. 

[0701] The time required to attain an intrinsic viscosity of 0.65 dl/g of polyethylene terephthalate was 48 minutes. 
The acetaldehyde content in the resulting polyethylene terephthalate was 52 ppm. 

20 Example 500-3 

[0702] Polycondensation reaction was carried out In the same manner as In Example 500-1, except that 3,5-di-t- 
butyl -4-hydroxyben2ylphosphoric acid distearyl ester was used in an amount of 400 ppm based on the low condensate 
instead of tetrakis(methylene-3(3,5-dl-t-butyl-4-hydroxypheny))propionate)methane. • 
25 [0703] The time required to attain an Intrinsic viscosity of 0,65 d!/g of polyethylene terephthalate was 46 minutes. 
The acetaldehyde content in the resulting polyethylene terephthalate was 58 ppm. 

Example 500-4 

30 [0704] Polycondensation reaction was carried out in the same manner as in Example 500-1 , except that a mixture 
of tetrakis(methylene-3(3,5-di-t-butyl-4-hydroxyphenyl)propionate)methane. 5,7-di-t-butyl-3-(3,4<limelhylphenyl)-3H- 
benzofuran-2-one and tris(2,4-di-t*butylphenyl)phosphite (mixing ratio = 42.5:15:42.5) was used in an amount of 500 
ppm based on the low condensate instead of tetrakis(methylene-3(3,5-di-t-butyl-4-hydroxyphenyl)propionate)methane, 
[0705] The time required to attain an intrinsic viscosity of 0.65 dl/g of polyethylene terephthalate was 49 minutes. 

35 The acetaldehyde content in the resulting polyethylene terephthalate was 55 ppm. 

Example 500-5 

[0706] Polycondensation reaction was carried out in the same manner as in Example 500-1. except that tributyl 
40 phosphate was used in an amount of 0.01 05 % by mol in terms of phosphorus atom, based on the terephthalic add in 
the low condensate, in addition to tetrakis(methylene-3(3,5-di-t-butyl-4-hydroxyphenyl)propionate)methane. 
[0707] The time required to attain an intrinsic viscosity of 0.65 dl/g of polyethylene terephthalate was 50 minutes. 
The acetakJehyde content in the resulting polyethylene terephthalate was 50 ppm. 

45 Example 500- 1C 

[0708] Polycondensation reaction was carried out In the same manner as In Example 500-1 . except that phosphoric 
acid was used in an amount of 0.01 05 % by mol in terms of phosphorus atom, based on the terephthalic acid unit in the 
low condensate, Instead of tetrakis(methylene-3(3,5-dl-t-butyI-4-hydroxyphenyl)proplonate)methane. 
50 [0709] The time required to attain an intrinsic viscosity of 0.65 dl/g of polyethylene terephthalate was 70 minutes. 
The acetaldehyde content In the resulting polyethylene terephthalate was 70 ppm. 

Example 502-1 

55 Preparation of titanium-containing solid compound 

[0710] Deionized water of 500 ml was weighed out and introduced into a 1000 ml glass beaker. The deionized 
water in the beaker was cooled in an ice bath, and thereto was dropwise added 5 g of titanium tetrachloride with stirring. 
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When production oi hydrogen chloride stopped, the beaker containing the reaction solution was taken out of the ice 
bath and 25% aqueous ammonia was dropwise added with stirring, to adjust pH of the solution to 8. The precipitate of 
titanium hydroxide produced was filtered under a pressure of 3 kg/cm^ through a pressure filter and separated. There- 
after the precipitate of titanium hydroxide was washed 5 times with deionized water. After the washing, solid-liquid sep- 
aration was carried out by pressure filtration under a pressure of 3 kg/cm^ similarly to the above. The washed titanium 
hydroxide was vacuum dried at TO'^C under a pressure of 10 Ton- for 18 hours to remove water content, whereby a tita- 
nium-containing solid compound was obtained. 

[071 1 1 Prior to use as a polycondensation catalyst, the titanium-containing solid compound was pulverized into par- 
ticles of about 10 ^m. 

Prfyliirtinn of polyester 

[071 2] To a reactor in which 33500 parts by weight of a reaction solution was resident during the steady operation, 
a slurry prepared by mixing high-purity terephthalic acid and ethylene glycol was continuously fed, and esterification 
75 reaction was conducted under the conditions of a temperature of 260*C and a pressure of 0.9 kg/cm -G in a nitrogen 
atmosphere with stirring. The slurry of high-purity terephthalic acid and ethylene glycol was prepared by mixing high- 
purity terephthalic acid and ethylene glycol at rales of 6458 parts by weight/hr and 261 5 parts by weighVhr. respectively. 
[071 3] Before the beginning of the esterification reaction, the titanium-containing solid compound, magnesium ace- 
tate tributyl phosphate and a tint adjusting agent were added to the reactor. The amount of the titanium-containing solid 
20 compound added was 1 2 ppm in terms of titanium atom, based' on the polyethylene terephthalate. the amount of mag- 
nesium acetate added was 25 ppm in terms of magnesium atom, based on the polyethylene terephthalate. the amount 
of tributyl phosphate added was 15 ppm in terms of phosphorus atom, based on the polyethylene terephthalate. and 
the amount of the tint adjusting agent (Solvent Blue 104) added was 5.0 ppm based on the polyethylene terephthalate. 
[0714] In the esterification reaction, a mixture of water and ethylene glycol was distilled off. The esterification reac- 
ts tion product (low condensate) was continuously drawn out of the system so that the average residence time was con- 
trolled to 3.5 hours. , , 
[0715] The number-average molecular weight of the tow condensate of ethylene glycol and terephthalic acid was 

600 to 1 300 (trimer to pentamer) . 

[071 6] The low condensate thus obtained was subjected to liquid phase polycondensation reaction under the con- 
30 ditions of a temperature of 285**C and a pressure of 1 Torr. 

[071 7] The tint of the polyester chips obtained above was measured by a 45** diffusion type color difference meter 
(Nippon Denshoku SQ 300H Model). The result Is set forth in Table 502-1. 



FYam plfts 5Q2-2 to 502- ?^ Fyample 5Q2-1 C 

36 

[071 8] A polyester was produced i n the same manner as in Example 502-1 . except that the type and the amount of 
the tint adjusting agent were changed as shown in Table 502-1 . The tint of the polyester chips was measured. The result 
is set forth in Table 502-1 . 

40 F^amples 5Q2-fi to 5Q20 1. FYamples 5Q2-2C to 502-4C 

[071 9] A polyester was produced in the same manner as in Example 502-1 . except that the amounts of the titanium- 
containing solid compound, magnesium acetate and the phosphorus connpound were changed as shown in Table 502- 
1 and the type and the amount of the tint adjusting agent were changed as shown in Table 502-1 . The tint of the poly- 
45 ester chips was measured. The result is set forth in Table 502-1 . 



50 



55 



61 



BNSDOCID: <EP 1013692A2.L> 



EP 1 013 692 A2 



10 



15 



20 



25 



30 



I 

CM 
O 

in 

x> 



35 



40 



45 



50 



c 

m 

s 

CO 
P. 

cd 
C 



4> 

1 



13 
> 

cd 



1 



C CO 
> 



ti CO 

C CD 

04 a: 



o a 



9 ^ ^ 

CX O. D. 

o c ^ — 



3 U 



I to 

C o cx 9« 

iS c E 

CO o 



q 
in 
I 



I 



in 



o 

• 



o 
o 



I 



o 

I 



o 



in 



o 



in 



in 



I 



QO 
00 

in 



o 



00 



in 
in 



in 

CO 



O 
I 



in 



o 

1 



CO 



00 
00 



d 



in 



in 

I 



• 

o 



CD 
CO 



o 

CO 



00 



in 
o 

I 



o 

I 



CO 

in 



in 

CO 



CO 

m 



CO 



00 
CO 



in 
in 



in 



I 



00 

in 

CO 



in 



o 
in 



o 



q 



o 

CO 



00 



CO 

o 



o 
in 



in 



o 
in 



o 
in 



o 

CO 



o 



in 
csi 



in 



in 



in 



o 
•3 



o 

CO 



in 



in 



in 



00 



in 



00 



CM 



o 
5 



00 



in 

C^J 



00 



o 
in 



CM 
O 

in 



O 

in 

tx3 



I 

M 
O 

in 



in 

C>3 
O 

in 
>< 



U 
I 

CSI 

o 
in 



CO 
I 

CM 
O 

in 
>< 



CM 

o 
in 

>i 



U 
csi 
I 

o 
in 

X 



00 
I 

CM 
O 

in 
>< 

Cxi) 



c:^ 
t 

CM 
O 

in 

X 



O 

CO 
I 

CNJ 
O 

in 

X 
Cxi 



I 

CM 
O 

in 



1 

o 
in 



o 

I 

O 

in 

X 



55 



62 



BNSDCXIO; <EP, 



1013692A2_L> 



EP 1 013 692 A2 



Example 464>1 

[0720] In a stainless steel container. 2.5 kg of particulate polyethylene terephthalate having an intrinsic viscosity of 
0.85 dl/g. a density of 1 .40 g/cm^ and an acetaldehyde content of 1 .5 ppm was immersed in 4 kg of a trimethyl phos- 
phate aqueous solution of 0.0695 % by weight (161 ppm in terms of phosphorus atom),and they were kept at room tem- 
perature for 4 hours. Thereafter, the particulate polv ethylene terephthalate was separated from the trimethyl phosphate 
aqueous solution, hydro-extracted and then dried at 160°C for 5 hours in a stream of nitrogen. Using the resulting pol- 
yethylene terephthalate. a stepped square plate molded product was produced by the aforesaid method. The stepped 
square plate molded product had an acetaldehyde content of 7.7 ppm and an intrinsic viscosity of 0.821 dl/g. 



Example 464-2 

[0721 ] In a stainless steel container. 2.5 kg of the same particulate polyethylene terephthalate as used in Example 
464-1 was immersed in 4 kg ot a trimethyl phosphate aqueous solution of 0.0695 % by weight (161 ppm in terms of 
phosphorus atom). Then, the stainless steel container containing the polyethylene terephthalate and the trimethyl phos- 
phate aqueous solution was externally heated to control the internal temperature to 95'C and kept for 4 hours to per- 
form heat treatment. Thereafter, the particulate polyethylene terephthalate was separated from the trimethyl phosphate 
aqueous solution, hydro-extracted and then dried at 160»C for 5 hours in a stream of nitrogen. Using the resulting pol- 
yethylene terephthalate, a stepped square plate molded product was produced by the aforesaid method. The stepped 
square plate molded product had an acetaldehyde content of 8.5 ppm and an intrinsic viscosity of 0.802 dl/g. 



Example 464>1C 

[0722] The same particulate polyethylene terephthalate as used in Example 464-1 was molded into a stepped 
square plate molded product by the aforesaid method, without performing a contact treatment with a phosphorus-con- 
taining aqueous solution. The stepped square plate molded product had an acetaldehyde content of 1 1 ppm and an 
intrinsic viscosity of 0.833 dl/g. 



Example 464-2C 

[0723] Treatment of particulate polyethylene terephthalate was carried out in the same manner as in Example 464- 
1 . except that a phosphoric acid aqueous solution having the same concentration (0.0508 % by weight. 161 ppm in 
terms of phosphorus atom) was used instead of the trimethyl phosphate aqueous solution. Using the resufting polyeth- 
ylene terephthalate. a stepped square plate molded product was produced by the aforesaid method. TTie stepped 
square plate molded product had an acetaldehyde content of 8.3 ppm and an intrinsic viscosity of 0.814 dl/g. 



Comparative Example 464-3 

[0724] Treatment of particulate polyethylene terephthalate was carried out in the same manner as in Example 464- 
2. except that a phosphoric add aqueous solution was used instead of the trimethyl phosphate aqueous solution. Using 
the resulting polyethylene terephthalate. a stepped square plate molded product was produced by the aforesaid 
method. The stepped square plate molded product had an acetaldehyde content of 10.0 ppm and an intrinsic viscosity 
of 0.788 dl/g. 



Example 465-1 

Preparation ot titanium-containing solid compound 

[0725] Deionized water of 500 ml was weighed out and Introduced into a 1000 ml glass beaker. The deionized 
water in the beaker was cooled in an ice bath, and thereto was dropwise added 5 g of titanium tetrachloride with stirring. 
When production of hydrogen chloride stopped, the beaker containing the reaction solution was taken out of the ice 
bath, and 25% aqueous ammonia was dropwise added with stirring, to adjust pH of the solution to 8. The precipitate of 
titanium hydroxide produced was filtered under a pressure of 3 kg/cm^ through a pressure filter and separated. There- 
after, the precipitate of titanium hydroxide was washed 5 times with deionized water. After the washing, solid-liquid sep- 
aration was carried out by pressure filtration under a pressure of 3 kg/cm^ similarly to the above. The washed titanium 
hydroxide was vacuum dried at 70'»C under a pressure of 10 Torr for 18 hours to remove water content, whereby a tita- 
nium-containing solid compound was obtained. 

[0726] Prior to use. the titanium-containing solid compound was pulverized into particles of about 10 jim. 
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Production of polyethylene tereohthalate 

[0727] To a reactor in which 33500 parts by weight of a reaction solution was resident during the steady operation, 
a slurry prepared by mixing high-purity terephthalic add and ethylene glycol was continuously fed. and esterif ication 

5 reaction was conducted under the conditions of a temperature of 260^*0 and a pressure of 0.9 kg/cm^-G in a nitrogen 
atmosphere with stirring. The slurry of high-purity terephthalic acid and ethylene glycol was prepared by mixing high- 
purity terephthalic acid and ethylene glycol at rates of 6458 parts by weight/hr and 261 5 parts by weight/hr, respectively. 
[0728] In the esterif ication reaction, a mixture of water and ethylene glycol was distilled off. The esterif ication reac- 
tion product (low condensate) was continuously drawn out of the system so that the average residence time was con* 

10 trolled to 3.5 hours. 

[0729] The number-average molecular weight of the low condensate of ethylene glycol and terephthalic acid was 
600 to 1300 (trimer to pentamer). 

[0730] To the lo\Af condensate, the titanium-containing solid compound, magnesium acetate and tributyl phosphate 
were added, and liquid phase polycondensation reaction was conducted under the conditions of a temperature of 

75 285**C and a pressure of 1 Torr to obtain polyethylene terephthalate having an Intrinsic viscosity of 0.65 dl/g. The 
amount of the titanium-containing solid compound added was 0.021 % by mol in terms of titanium atom, based on the 
terephthalic acid unit in the low condensate, the amount of magnesium acetate added was 0.021 % by mol in terms of 
magnesium atom, based on the terephthalic acid unit in the tow condensate, and the amount of tributyl phosphate 
added was 0.0105 % by mol in terms of phosphorus atom, based on the terephthalic acid unit in the low condensate. 

20 [0731] The polyethylene terephthalate in which the liquid phase polycondensation had been completed was sub- 
jected to solid phase polycondensation, to obtain particulate polyethylene terephthalate having an intrinsic viscosity of 
0.81 dl/g, a density o1 1 .40 g/cm^ and an acetaldehyde content of 1.0 ppm. 

Treatment of polyethylene terephthalate 

25 

[0732] Into a 100 ml flask. 10 g of the particulate polyethylene terephthalate and 40 g of isopropanol were intro- 
duced, and they were heated for 4 hours under reflux. The mixture was dried at 70°C for 16 hours, melted by heating 
at 270*'C for 6 minutes and then cooled to room temperature to give a sample. Measurement of acetaldehyde content 
in the sample resulted in 5.2 ppm. 

30 

Example 465-2 

[0733] Contact of particulate polyethylene terephthalate with an organic solvent was can-ied out in the same man- 
ner as in Example 465-1 , except that methanol was used instead of isopropanol. Then, the acetaldehyde content was 
35 measured in the same manner as in Example 465-1 . As a result, the acetaldehyde content was 6.4 ppm. 

Example 465-3 

[0734] Contact of particulate polyethylene terephthalate with an organic solvent was candied out in the same man- 
40 ner as in Example 465-1 , except that acetone was used instead of isopropanol. Then, the acetaldehyde content was 
measured in the same manner as in Example 465-1. As a result, the acetaldehyde content was 6.7 ppm. 

Example 465-4 

45 [0735] Contact of particulate polyethylene terephthalate with an organic solvent was carried out in the same man- 
ner as in Example 465-1 , except that hexane was used instead of isopropanol. Then, the acetaldehyde content was 
measured in the same manner as in Exanrple 465-1 . As a result, the acetaldehyde content was 6.8 ppm. 

ExamplQ 465-10 

so 

[0736] The same particulate polyethylene terephthalate as used in Example 465-1 was dried at 70°C for 16 hours, 
melted by heating at 270*" C for 6 minutes and cooled to room temperature, without performing a contact treatment with 
an organic solvent, to give a sample. Measurement of acetaldehyde content in the sample resulted in 7.3 ppm. 

55 
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Example 466-1 

Preparation of titanium-cQntainina solid compound 

5 • [0737] Deionized water of 500 ml was weighed out and introduced into a 1000 ml glass beaker. The deionized 
water in the beaker was cooled in an Ice bath, and thereto was dropwise added 5 g of titanium tetrachloride with stirring. 
When production of hydrogen chloride stopped, the beaker containing the reaction solution was taken out of the ice 
bath, and 25% aqueous ammonia was dropwise added with stirring, to adjust pH of the solution to 8. The precipitate of 
titanium hydroxide produced was filtered under a pressure of 3 kg/cm^ through a pressure filter and separated. There- 

70 after, the precipitate of titanium hydroxide was washed 5 times with deionized water. After the washing, solid-liquid sep- 
aration was carried out by pressure filtration under a pressure of 3 kg/cm^ similarly to the above. The washed titanium 
hydroxide was vacuum dried at 70*'C under a pressure of 10 Ton- for 18 hours to remove water content, whereby a tita- 
nium-containing solid compound was obtained. 

[0738] Prior to use. the titanium-containing solid compound was pulverized into particles of about 1 0 ^im. 



15 



Production of polyethyle ne iereohthalate 

[0739] To a reactor in which 33500 parts by weight of a reaction solution was resident during the steady operation, 
a slurry prepared by mixing high-purity terephthalic acid and ethylene glycol was continuously fed, and esterification 

20 reaction was conducted under the conditions of a temperature of 260*C and a pressure of 0.9 kg/cm^-G in a nitrogen 
atmosphere with stirring. The slurry of high-purity terephthalic acid and ethylene glycol was prepared by mixing high- 
purity terephthalic acid and ethylene glycol at rates of 6458 parts by weightAnr and 261 5 parts by weight/hr, respectively. 
107401 In the esterification reaction, a mixture of water and ethylene glycol was distilled off. The esterification reac- 
tion product (low condensate) was continuously drawn out of the system so that the average residence time was con- 

25 trolled to 3.5 hours. 

10741] The number-average molecular weight of the low condensate of ethylene glycol and terephthalic acid was 
600 to 1300 (trimer to pentamer). 

[0742] To the low condensate, the titanium-containing solid compound, nfiagneslum acetate and tributyl phosphate 
were added, and liquid phase polycondensation reaction was conducted under the conditions of a temperature of 

30 285°C and a pressure of 1 Torr to obtain polyethylene terephtHalate having an intrinsic viscosity of 0.65 dl/g. The 
amount of the titanium-containing solid compound added was 0.021 % by mol in terms of titanium atom, based on the 
terephthalic acid unit in the low condensate, the amount of magnesium acetate added was 0.021 % by mol in terms of 
magnesium atom, based on the terephthalic acid unit in the low condensate, and the amount of tributyl phosphate 
added was 0.0105 % by mol in terms of phosphorus atom, based on the terephthalic acid unit in the low condensate. 

35 [0743] The polyethylene terephthalate in which the liquid phase polycondensation had been completed was sub- 
jected to solid phase polycondensation. to obtain particulate polyethylene terephthalate having an intrinsic viscosity of 
0.81 dl/g. a density of 1 .40 q/cvtP and an acetaldehyde content of 1 .0 ppm. 



Treatment of polvethvlen e terephthalate 



[0744] Into a 200 ml flask. 30 g of the particulate polyethylene terephthalate. 60 g of isopropanol and 1 0.3 g of trib- 
utyl phosphate (2 % by weight In terms of phosphorus atom based on Isopropanol) were introduced, and they were 
heated for 4 hours under reflux. Thereafter, the mixture was washed three times with 60 g of isopropanol. dried at TO'C 
for 1 6 hours, melted by heating at 285'»C for 10 minutes and then cooled to room temperature to give a sample. Meas- 
45 urement of an acetaldehyde content in the sample resulted in 30 ppm. 

Example 466-2 

[0745] Contact of particulate polyethylene terephthalate with a phosphorus-containing organic solvent solution was 
50 carried out in the same manner as in Example 466-1 . except that methanol was used instead of isopropanol and 5.4 g 
(2 % by weight in terms of phosphorus atom based on methanol) of trimethyl phosphate was used instead of 10.3 g of 
tributyl phosphate. Then, the acetaldehyde content was measured in the same manner as in Example 466-1. As a 
result, the acetaldehyde content was 28 ppm. 

55 Example 466-3 

[0746] Contact of particulate polyethylene terephthalate with a phosphorus-containing organic solvent solution was 
carried out in the same manner as in Example 466-1 , except that acetone was used instead of isopropanol. Then, the 
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acetaldehyde content was measured in the same manner as in Example 466-1 . As a result, the acetaldehyde content 
was 40 ppm. 

Example 466>4 

5 

[0747] Contact of particulate polyethylene terephthalate with a phosphorus-containing organic solvent solution was 
carried out in the same manner as in Example 466-1. except that 'hexane was used instead of isopropanol. Then, the 
acetaldehyde content was measured in the same manner as in Example 466-1 . As a result, the acetaldehyde content 
was 35 ppm. 

10 

Example 466-5 

[0748] Contact ot particulate polyethylene terephthalate with a phosphorus-containing organic solvent solution was 
carried out in the same manner as in Example 466-1. except that 3.8 g (2% by weight in terms of phosphorus atom 
15 based on isopropanol) of phosphoric acid was used instead of 1 0.3 g of tributyl phosphate. Then, the acetaldehyde con- 
tent was measured in the same manner as in Example 466-1. As a result, the acetaldehyde content was 36 ppm. 

Example 466-1 C 

20 [0749] The same particulate polyethylene terephthalate as used In Exanple 466-1 was dried at 70''C for 16 hours, 
melted by heating at 285*'C for 10 minutes and cooled to room temperature, without performing a contact treatment with 
a phosphorus-containing organic solvent solution, to give a sample. Measurement of an acetaldehyde content in the 
sample resulted in 50 ppm. 

25 Comoarative Example 466-2 

[0750] Contact of particulate polyethylene terephthalate with a phosphoric acid aqueous solution was carried out in 
the same manner as in Example 466-1 . except that water was used instead of isopropanol and 3.8 g (2 % by weight in 
terms of phosphorus atom based on water) of phosphoric acid was used instead of 10.3 g of tributyl phosphate. Then. 
30 the acetaldehyde content was measured in the same manner as in Example 466-1 . As a result, the acetaldehyde con- 
tent was 45 ppm. 

Example 462-1 

35 Production of polyester 

[0751] To a reactor in which 33500 parts by weight of a reaction solution was resident during the steady operation, 
a slurry prepared by mixing high-purity terephthalic acid (6458 parts by weight/hr) and ethylene glycol (2615 parts by 
weight/hr) was continuously fed, and esterif ication reaction was conducted under the conditions of a temperature of 
40 260°C and a pressure of 0.9 kg/cm^-G in a nitrogen atmosphere with stirring. In the esterification reaction, the solid tita- 
nium compound prepared in Example 495-1 was fed at a rate of 0.187 part by weight/hr in terms of titanium atom, and 
magnesium acetate was fed at a rate of 0.187 part tiy weight/hr in terms of magnesium atom. In the esterification reac- 
tion, a mixture of wata and ethylene glycol was distilled off. 

[0752] The esterification reaction product (low condensate) was continuously drawn out of the system so that the 
45 average residence time was controlled to 3.5 hours. 

[0753] The number-average molecular weight of the low condensate of ethylene glycol and terephthalic acid was 
600 to 1300 (trimer to pentamer). 

[0754] Then, liquid phase polycondensation reaction of the low condensate was conducted under the conditions of 
a temperature of 280'*C and a pressure of 1 Torr, with feeding tributyl phosphate at a rate of 0.831 part by weight/hr. 
50 [0755] The residence time (liquid phase polymerization time) required to attain an Intrinsic viscosity ( IV) of 0.65 dl/g 
of polyethylene terephthalate was 95 minutes. 

[0756] The polyethylene terephthalate obtained by the liquid phase polymerization was aystallized at about 1 70°C 
for 2 hours in a nitrogen atmosphere and then filled in a tower type solid phase polymerization reactor to perform solid 
phase polymerization at 210 ^'C for 14 hours in a nitrogen atmosphere. 
55 [0757] In the resulting polyethylene terephthalate. the titanium atom content was 25 ppm. the magnesium atom 
content was 25 ppm. the titanium atonr>/magnesium atom molar ratio was 0.5. the intririsic viscosity was 0.85 dl/g, the 
density was 1 .40 g/cm^. and the acetaldehyde content was 1 .0 ppm. 

[0758] In a stainless steel container, 2.5 kg of the polyethylene terephthalate was immersed in 4 kg of a trimethyl 
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phosphate aqueous solution of 0.0695 % by weight, and they were kept at room temperature for 4 hours. Thereatter, 
the particulate polyethylene terephthalate was separated from the trimethyl phosphate aqueous solution, hydro- 
extracted and then dried at 160"C for 5 hours in a stream of nitrogen. The acetaldehyde content in the resulting poly- 
ethylene terephthalate was 1 .0 ppm. Using the polyethylene terephthalate. a stepped square plate molded product was 
5 produced by the aforesaid method. The acetaldehyde content In the stepped square plate molded product was 9.0 ppm, 
and a difference in the acetaldehyde content between before and after the molding was 8.0 ppm. The intrinsic viscosity 
of the stepped square plate molded product was 0.821 dl/g. 

Example 462-2 

10 

[0759] In a stainless steel container. 2.5 kg of the same particulate polyethylene terephthalate as used in Example 
462-1 was immersed in 4 kg of a trimethyl phosphate aqueous solution of 0.0695 % by weight Then, the stainless steel 
container containing the polyethylene terephthalate and the trimethyl phosphate aqueous solution was externally 
heated to control the internal temperature to 95*C and kept for 4 hours to perform heat treatment. Thereafter, the par- 
75 ticulate polyethylene terephthalate was separated from the trimethyl phosphate aqueous solution, hydro-extracted and 
then dried at 1 60*'C for 5 hours in a stream of nitrogen. Using the resulting polyethylene terephthalate, a stepped square 
plate molded product was produced by the aforesaid method. The acetaldehyde content in the stepped square plate 
molded product was 9.5 ppm. and a difference in the acetaldehyde content between before and after the molding was 
8.5 ppm. The intrinsic viscosity of the stepped square plate molded product was 0.802 dl/g. 

20 

Example 462- 1C 

10760] The same particulate polyethylene terephthalate as used in Example 462-1 was molded into a stepped 
square plate molded product by the aforesaid method, without performing a contact treatment with a phosphorus-con- 
25 taining aqueous solution. The acetaldehyde content in the stepped square plate molded product was 20 ppm, and a 
difference in the acetaldehyde content between before and after the molding was 19 ppm. The intrinsic viscosity of the 
stepped square plate molded product was 0.833 dt/^. 

Comparative Examole 462-2 

30 

[0761 ] Treatment of particulate polyethylene terephthalate was carried out In the same manner as In Example 462- 
1. except that a phosphoric acid aqueous solution having the same concentration was used instead of the trimethyl 
phosphate aqueous solution. Using the resulting polyethylene terephthalate, a stepped square plate molded product 
was produced by the aforesaid method. The acetaldehyde content in the stepped square plate molded product was 13 
35 ppm. and a difference in the acetaldehyde content between before and after the molding was 1 2 ppm. The intrinsic vis- 
cosity of the stepped square plate molded product was 0.814 dl/g. 

Example 462-3 

40 [0762] To a reactor in which 33500 parts by weight of a reaction solution was resident during the steady operation, 
a slurry prepared by mixing high-purity terephthalic add (6329 parts by weight/hr), isophthalic add (129 parts by 
weight) and ethylene glycol (2615 parts by weight/hr) was continuously fed. and esteriflcation reaction was conducted 
under the conditions of a temperature of 260"C and a pressure of 0.9 kg/cm^-G in a nitrogen atmosphere with stirring. 
In the esterif ication reaction, a solid titanium compound prepared in the same manner as in Example 462-1 was fed at 

45 a rate of 0.1 12 part by weight/hr in terms of titanium atom, and magnesium acetate was fed at a rate of 0.187 part by 
weighVhr in terms of magnesium atom. In the esterification reaction, a mixture of water and ethylene glycol was distilled 
off. 

[0763] The esterification reaction product (low condensate) was continuously drawn out of the system so that the 
average residence time was controlled to 3.5 hours. 
so [0764] The number-average molecular weight of the low condensate of ethylene glycol and terephthalic acid was 

600 to 1300 (trimer to pentamer). 

[0765] Then, liquid phase polycondensation reaction of the low condensate was conducted under the conditions of 
a temperature of 280*C and a pressure of 1 Torr. with feeding tributyl phosphate at a rate of 0.831 part by weight/hr, 
[0766] The residence time (liquid phase polymerization tim^) required to attain an intrinsic viscosity ( IV) of 0.65 dl/g 
55 of polyethylene terephthalate was 1 1 5 minutes. 

[0767] The polyethylene terephthalate obtained by the liquid phase polymerization was crystallized at about 1 TO'C 
for 2 hours in a nitrogen atmosphere and then filled in a tower type solid phase polymerization reactor to perform solid 
phase polymerization at 210 for 1 7 hours in a nitrogen atmosphere. 
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[0768] In the resulting polyethylene terephthalate, the titanium atom content was 15 ppm, the magnesium atom 
content was 25 ppm. the titanium atom/magnesium atom molar ratio was 0.3, the intrinsic viscosity was 0.83 dl/g. the 
density was 1 .40 g/cm^. and the acetaldehyde content was 0.9 ppm. 

10769] In a stainless steel container. 2.5 kg of the polyethylene terephthalate was immersed in 4 kg d a trimethyl 
5 phosphate aqueous solution of 0.0695 % by weight, and they were kept at room temperature for 4 hours. Thereafter, 
the particulate polyethylene terephthalate was separated from the trimethyl phosphate aqueous solution, hydro- 
extracted and then dried at 160'*C for 5 hours in a stream of nitrogen. The acetaldehyde content in the resulting poly- 
ethylene terephthalate was 0.8 ppm. Using the polyethylene terephthalate. a stepped square plate molded product was 
produced by the aforesaid method. The acetaldehyde content in the stepped square plate molded product was 8.2 ppm, 
10 and a difference in the acetaldehyde content between before and after the molding was 7.4 ppm. The intrinsic viscosity 
of the stepped square plate molded product was 0.819 dl/g. 

Example 462-4 

15 [0770] In a stainless steel container, the polyethylene terephthalate obtained after the solid phase polymerization 
in Example 462-3 was immersed in isopropanol at 95''C and kept for 4 hours under heating. 
[0771] Then, the polyethylene terephthalate was separated from isopropanol and dried at 160''C for 5 hours in a 
stream of nitrogen. The acetaldehyde content in the resulting polyethylene terephthalate was 0.9 ppm. Using the poly- 
ethylene terephthalate, a stepped square plate molded product was produced by the aforesaid method. The acetalde- 

20 hyde content in the stepped square plate molded product was 9.5 ppm, and a difference in the acetaldehyde content 
between before and after the molding was 8.6 ppm. The intrinsic viscosity of the stepped square plate molded product 
was 0.810 dl/g. 

Example 462-5 

25 

[0772] In a stainless steel container, the polyethylene terephthalate obtained after the soHd phase polymerization 
in Example 462-3 was immersed in an isopropanol solution of tributyl phosphate (tributyl phosphate: 0.0695 % by 
weight) and kept for 2 hours under heating. 

[0773] Then, the polyethylene terephthalate was separated from the isopropanol solution and dried at 160^0 for 5 
30 hours In a stream of nitrogen. The acetaldehyde content In the resultihg polyethylene terephthalate was 0.7 ppm. Using 
the polyethylene terephthalate, a stepped square plate molded product was produced by the aforesaid method. The 
acetaldehyde content in the stepped square plate molded product was 8.2 ppm, and a difference in the acetaldehyde 
content between before and after the molding was 7.5 ppm. The intrinsic viscosity of the stepped square plate molded 
product was 0.808 dl/g. 

35 

Example 463-1 
Production of Polyester 

40 [0774] To a reactor in which 33500 parts by weight of a reaction solution was resident during the steady operation, 
a slun-y prepared by mixing high-purity terephthallc acid (6458 parts by welght/hr) and ethylene glycol (2909 parts by 
weight/hr) was continuously fed. and esterificatlon reaction was conducted under the conditions of a temperature of 
260°C and a pressure of 0.9 kg/cm^-Q In a nitrogen atmosphere with stirring. In the esterification reaction, the solid tita- 
nium compound prepared in Example 495-1 was fed at a rate of 0.187 part by weight/hr in terms of titanium atom, and 

45 magnesium acetate was fed at a rate of 0.1 87 part by weight/hr in terms of magnesium atom. In the esterification reac- 
tion, a mixture of water and ethylene glycol was distilled off. 

[0775] The esterification reaction product (low condensate) was continuously drawn out of the system so that the 
average residence time was controlled to 3.5 hours. 

[0776] The number-average molecular weight of the low condensate of ethylene glycol and terephthalic acid was 
so 600 to 1300 (trimer to pentamer). 

[0777] Then, liquid phase polycondensation reaction of the low condensate was conducted under the conditions of 

a tenrperature of 280''C and a pressure of 1 Torr. with feeding tributyl phosphate at a rate of 0.831 part by weight/hr. 

[0778] The residence time (liquid phase polymerization time) required to attain an Intrinsic viscosity (IV) of 0.55 dl/g 

of polyethylene terephthalate was 87 minutes. 
55 [0779] The polyethylene terephthalate obtained by the liquid phase polymerization was crystallized at about 1 70*C 

for 2 hours In a nitrogen atmosphere and then filled in a tower type solid phase polymerization reactor to perform solid 

phase polymerization at 210 °C for 25 hours in a nitrogen atmosphere. 

[0780] In the resulting polyethylene terephthalate. the titanium atom content was 24 ppm, the magnesium atom 
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content was 24 ppm. the titanium atom/magnesium atom molar ratio was 0.5, the intrinsic viscosity was 0.760 dl/g. the 
density was 1 .40 g/cm^. and the cyclic trimer content was 0.3 % by weight. 

107811 In a stainless steel container, 2.5 kg of the polyethylene terephthalate was immersed in 4 kg of a trimethyl 
phosphate aqueous solution of 0.0695 % by weight, and they were kept at room temperature for 4 hours. Thereafter. 

5 the particulate polyethylene terephthalate was separated from the trimethyl phosphate aqueous solution, hydro- 
extracted and then dried at 160*»C for 5 hours in a stream of nitrogen. The cyclic trimer content in the resulting polyeth- 
ylene terephthalate was 0.30% by weight (x%by weight). Using the polyethylene terephthalate. a stepped square plate 
molded product was produced by the aforesaid method. The cyclic trimer content in the stepped square plate molded 
product was 0.35 % by weight, a difference in the cyclic trimer content between before and after the molding was 0.05 

10 % by weight (y % by weight), and the value of -0.2x+0.2 was 0.14. The intrinsic viscosity of the stepped square plate 
molded product was 0.825 dl/g. 



Example 463-2 

15 [0782] In a stainless steel container, 2.5 kg of the same particulate polyethylene terephthalate as used in Example 
463-1 was immersed in 4 kg of a trimethyl phosphate aqueous solution of 0.0695 % by weight. Then, the stainless steel 
container containing the polyethylene terephthalate and the trimethyl phosphate aqueous solution was externally 
heated to control the internal temperature to 95'C and kept for 4 hours to perform heat treatment. Thereafter, the par- 
ticulate polyethylene terephthalate was separated from the trimethyl phosphate aqueous solution, hydro-extracted and 

20 then dried at 160°C for 5 hours in a stream of nitrogen. The cyclic trimer content in the resulting polyethylene tereph- 
thalate was 0.30 % by weight (x % by weight). Using the polyethylene terephthalate, a stepped square plate molded 
product was produced by the aforesaid method. The cyclic trimer content in the stepped square plate molded product 
was 0.33 % by weight (x % by weight), a difference in the cyclic trimer content between before and after the molding 
was 0.03 % by weight (y % by weight), and the value of -0.20x+0.2 was 0.134. The intrinsic viscosity of the stepped 

25 square plate molded product was 0.81 1 dl/g. ^ 



Example 463-lC 

[0783] The same particulate polyethylene terephthalate as used in Example 463-1 was molded into a stepped 
30 square plate molded product by the aforesaid method, without performing a contact treatment with a phosphorus-con- 
taining aqueous solution. The cyclic trimer content In the stepped square plate molded product was 0.52 % by weight 
(X % by weight), a difference in the cyclic trimer content between before and after the molding was 0.22 % by weight (y 
% by weight), and the value of -0.2x+0.2 was 0.096. The intrinsic viscosity of the stepped square plate molded product 
was 0.833 dl/g. 



35 



Example 463-3 



[0784] To a reactor in which 33500 parts by weight of a reaction solution was resident during the steady operation, 
a slurry prepared by mixing high-purity terephthalic acid (6329 parts by weight/hr), isophthalic acid (129 parts by 
40 weight) and ethylene glycol (2615 parts by weight/hr) was continuously fed. and esterif ication reaction was conducted 
under the conditions of a temperature of 260'C and a pressure of 0.9 kg/cm^-G in a nitrogen atmosphere with stirring. 
In the esterif Ication reaction, a solid titanium compound prepared in the same manner as in Example 463-1 was fed at 
a rate of 0.1 12 part by weight/hr in terms of titanium atom, and magnesium acetate was fed at a rate of 0.187 part by 
weighVhr in terms of magnesium atom. In the esterif ication reaction, a mixture of water and ethylene glycol was distilled 

45 off. 

[0785] The esterif ication reaction product (low condensate) was continuously drawn out of the system so that the 
average residence time was controlled to 3.5 hours. 

[0786] The number-average molecular weight of the low condensate of ethylene glycol and terephthalic acid was 
600 to 1300 (trimer to pentamer). 
£0 [0787] Then, liquid phase polycondensation reaction of the low condensate was conducted under the conditions of 
a temperature of 280»C and 'a pressure of 1 Torr. with feeding tributyl phosphate at a rate of 0.831 part by weight/hr. 
[0788] The residence time (liquid phase polymerization time) required to attain an intrinsic viscosity (IV) of 0.58 dl/g 
of polyethylene terephthalate was 100 minutes. 

[0789] The polyethylene terephthalate obtained by the liquid phase polymerization was crystallized at about 1 TO^C 
55 for 2 hours in a nitrogen atmosphere and then filled in a tower type solid phase polymerization reactor to perform solid 
phase polymerization at 210 *C for 22 hours in a nitrogen atmosphere. 

[0790] In the resulting polyethylene terephthalate, the titanium atom content was 15 ppm, the magnesium atom 
content was 25 ppm. the titanium atom/magnesium atom molar ratio was 0.3, the intrinsic viscosity was 0.82 dl/g. the 
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density was 1 .40 g/cm^, and the cyclic trimer content was 0.40 % by weight. 

[0791] In a stainless steel container, 2.5 kg of the polyethylene terephthalate was immersed in 4 kg of a trimethyl 
phosphate aqueous solution of 0.0695 % by weight, and they were kept at room temperature for 4 hours. Thereafter, 
the particulate polyethylene terephthalate was separated from the trimethyl phosphate aqueous solution, hydro- 

5 extracted and then dried at IGCC for 5 hours in a stream of nitrogen. The cyclic trimer content in the resulting polyeth- 
ylene terephthalate was 0.40 % by weight (x % by weight). Using the polyethylene terephthalate. a stepped square plate 
molded product was produced by the aforesaid method. The cyclic trimer content in the stepped square plate molded 
product was 0.48 % by weight, a difference in the cyclic trimer content between before and after the molding was 0.08 
7o by weight (y 7o by weight), and the value of -0.2x+0.2 was 0.104. The intrinsic viscosity of the stepped square plate 

10 molded product was 0.805 dl/g. 

Exanple 463-4 

[0792] In a stainless steel container, the polyethylene terephthalate obtained after the solid phase polymerization 
75 in Example 463-3 was immersed In isopropanol at SS^'C and kept for 4 hours under heating. 

[0793] Then, the polyethylene terephthalate was separated from the isopropanol and dried at 160''C for 5 hours in 
a stream of nitrogen. The cyclic trimer content in the resulting polyethylene terephthalate was 0.40 % by weight (x % by 
weight). Using the polyethylene terephthalate, a stepped square plate molded product was produced by the aforesaid 
method. The cyclic trimer content In the stepped square plate molded product was 0.46 % by weight, a difference in the 
20 cyclic trimer content between before and after the molding was 0.06 % by weight (y % by weight), and the value of - 
0.2X+0.2 was 0.12. The intrinsic viscosity of the stepped square plate molded product was 0.810 dl/g. 

Example 463-2C 

25 [0794] The same particulate polyethylene terephthalate as used in Example 463-2 was molded into a stepped . 
square plate molded product by the aforesaid method, without performing a contact treatment with a trimethyl phos- 
phate aqueous solution. The cyclic trimer content in the stepped square plate molded product was 0.57 % by weight (x 
% by weight), a difference in the cyclic trimer content between before and after the molding was 0.1 7 % by weight (y % 
by weight), and the value of -0.2x+0.2 was 0.086. The Intrinsic viscosity of the stepped square plate molded product 

30 was 0.81 1 dl/g. 

Example 469-1 

[0795] To an esterif ication reactor, 76.81 mol of high-purity terephthalic acid and 86.03 mol of ethylene glycol were 
35 fed at 1 0O^'C at atmospheric pressure, and 0.0045 mol of the titanium-containing solid compound prepared in Example 
495-1 was further added as a catalyst. Then, the temperature of the reactor was raised to 260*C. and the reaction was 
conducted for 340 minutes under a pressure of 1 .7 kg/cm^-G in a nitrogen atmosphere. Water produced by the reaction 
was continually distilled off from the system. 

[0796] Then, the total amount of the solution in the esterif ication reactor was transferred into a polycondensation 
40 reactor beforehand set at 260''C. To the reactor, a solution of 0.0073 mol of tributyl phosphate in 6.44 mol of ethylene 
glycol was further added at atmospheric pressure, and the temperature of the reactor was raised to 280''C from 260''C 
over a period of 60 minutes, while the pressure was reduced to 2 Torr from atmospheric pressure. 
[0797] The reaction in the polycondensation reactor was further conducted for 1 08 minutes, and the reaction prod- 
uct was drawn out of the polycondensation reactor in the form of strands. The strands were immersed In water, cooled 
45 and cut into particles by a strand cutter to obtain polyethylene terephthalate. The polyethylene terephthalate had ah 
intrinsic viscosity of 0.65 dl/g and a titanium content, as measured by atomic absorption analysis, of 28 ppm. 
[0798] The polyethylene terephthalate obtained by the liquid phase polymerization was then transferred into a solid 
phase polymerization tower, crystallized at 1 70*C for 2 hours in a nitrogen atmosphere, and then subjected to solid 
phase polymerization at 210''C for 13 hours to obtain particulate polyethylene terephthalate. The intrinsic viscosity of 
50 the polyethylene terephthalate was 0.825 dl/g. Using the polyethylene terephthalate, a stepped square plate molded 
product was produced by the aforesaid method. The haze of the part C of the stepped square molded product was 1 7.8 
%. 

[0799] Then, the polyethylene terephthalate was molded into a blow molded article in the following manner 
[0800] A preform having a diameter of 28 mm was produced.by an injection lYioldtng machine M-100A (manufac- 
55 tured by Meiki Seisakusho) under the conditions of a cylinder preset temperature of 260''C and a mold temperature of 
lO'C. In the molding, the injection molding temperature was 276**C and the molding cycle was 54 seconds. 
[0801] The preform was then subjected to stretch blow molding by the use of a blow molding machine (nrKXlel No. 
LB01. manufactured by CORPOPLAST Co.) under the conditions of a stretch temperature of 110°C and a blow mold 
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temperature of 30^C. to obtain a 1 .5 liter blow molded article. 

[08021 The appearance of the blow, molded article was evaluated in the following manner. 
[08031 Further, flowability (UT) of the polyethylene terephthalate was evaluated in the following manner using an 
injection molding machine of M-70B model manufactured by Meiki Seisakusho. Moreover, an intrinsic viscosity of the 
resulting UT specimen was measured. The results are set forth In Table 469-1 . . ^ . 

[0804] In Examples 469-1 to 469-6 and Comparative Examples 469-1 to 469-4. each property was evaluated in the 

following manner. 



Intrinsic viscosity (N) 



[0805] The intrinsic viscosity of the molded product was determined as follows. Using a mixed solvent of phenol and 
1 1 2 2-tetrachloroethane (50/50 by weight), a.sample solution having a concentration of 0.5 g/dl was prepared, and the 
solution viscosity was measured at 25**C. From the solution viscosity, the intrinsic viscosity was calculated. The intrinsic 
viscosity of the particulate polyethylene terephthalate was determined as follows. 1 .2-Grams of the polyethylene tereph- 
thalate was dissolved in 15 cc of o-chlorophenol under heating, then cooled, and the solution viscosity was measured 
at 25"C. From the solution viscosity, the intrinsic viscosity was calculated. 



Haze 

20 [0806] In a tray dryer. 2 kg of particulate polyethylene terephthalate as a starting material was dried at 140«C under 
a pressure of 10 Torr for 16 hours or more, to allow the particulate polyethylene terephthalate to have a water content 

of not more than 50 ppm, m 
[0807] Then the dried particulate polyethylene terephthalate was injection molded by a M-70A injection molding 
machine manufactured by MeikI Seisakusho K.K. under the conditions of a cylinder temperature of 275^C and a mold 

25 cooling water temperature of 1 5*»C. to produce a stepped square plate molded product. 

[0808] In detail, the stepped square plate molded product was produced by feeding the dried particulate polyethyl- 
ene terephthalate to an injection molding machine adjusted to have molding conditions of metering of 12 seconds and 
injection of 60 seconds through a hopper. The residence time of the molten resin in the molding machine was about 72 
seconds The weight of the resin used per stepped square plate molded product was 75 g. As a speamen for measur- 

30 ' ing a haze, any one of the eleventh to fifteenth stepped square molded products from the beginning of the injection 

molding was adopted. ^ ... , ^ *u * a 

[0809] The stepped square plate molded product has a shape shown in Fig. 1 . and the thicknesses of the parts A. 
B and C are about 6.5 mm. about 5 mm and about 4 mm. respectively. In the present invention, the haze of the part C 
of the stepped square plate molded product was measured using a haze npeter (Suga tester) HGM-2DP. 

35 

Appearance of blow mo lded article 

[081 0] A haze value (irregular reflectance of white light) at the almost central portion of a sidewall of the hollow con- 
tainer was measured. Based on the haze value (%). appearance of the blow molded article was evaluated as follows. 

40 

AA: 0 s haze value < 5 
BB: 5^ haze value 

Flowabilitv lUD measuring method 

45 

[081 1 ] The flowability was measured by the method described In the specification. 
Exam ples 469-2 to 469-5 

50 [0812] Polyethylene terephthalate was produced in the same manner as in Example 469-1 , except that the poly- 
condensation catalyst and the polymerization conditions were changed as shown in Table 469-1. 
[081 3] Using the polyethylene terepNhalate, a blow molded article was produced in the same manner as in Exam- 
ple 469-1. and appearance thereof was evaluated. Further, flowability (UT) and an intrinsic viscosity of the UT speci- 
men were measured in the same manner as in Example 469-1 . The results are set forth in Table 469-1 . 



55 



Comparative Example 469-1 

[0814] Polyethylene terephthalate (intrinsic viscosity: 0.825 dl/g; type of a catalyst determined by atomic absorption 
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analysis: antimony compound; and the antimony content: 235 ppm) was used. 

[081 5] Using the polyethylene terephthalate. a blow molded article was produced in the same manner as in Exam- 
ple 469-1 , and appearance thereof was evaluated. Further, f bwability (UT) and an Intrinsic viscosity of the UT speci- 
men were measured in the same manner as in Example 469-1 . The results are set forth in Table 469-1 . 

5 

Comparative Example 469-2 

[0816] Polyethylene terephthalate (intrinsic viscosity: 0.843 dl/g; the type of a catalyst determined by atomic 
absorption analysis: antimony compound; and the antimony content: 232 ppm) was used. 
TO [081 7] Using the polyethylene terephthalate. a blow molded article was produced in the same manner as in Exam- 
ple 469-1, and appearance thereof was evaluated. Further, flowability (UT) and an intrinsic viscosity of the UT speci- 
men were measured in the same manner as in Example 469-1 . TTie results are set forth in Table 469-1 . 

Comparative Example 469-3 

IS 

[0818] Polyethylene terephthalate (intrinsic viscosity: 0.778 dl/g: the type of a catalyst determined by atomic 
absorption analysis: germanium compound; and the germanium content: 56 ppm.) was used. 
[081 9] Using the polyethylene terephthalate, a blow molded article was produced in the same manner as in Exam- 
ple 469-1, and appearance thereof was evaluated. Further, f bwability (L/T) and an intrinsic viscosity of the UT sped- 
20 men were measured in the same manner as In Example 469-1 . The results are set forth in Table 469-1 . 

Comparative Example 469-4 

[0820] Polyethylene terephthalate (intrinsic viscosity: 0.823 dl/g ; type of a catalyst determinde by atomic absorption 
25 analysis; germanium compound; and the germanium content: 42 ppm) was used. 

[0821] Using the polyethylene terephthalate. a blow molded artcle was produced in the sane manner as in Exam- 
ple 469-1 . and appearance thereof was evaluated. Further, flowability (L/T) and an intrinsic viscosity of the L7T speci- 
men were measured in the same manner as in Example 469-1 . The results are set forth in Table 469-1 . 

30 Example 469-6 

Preparation of titanium-containing solid compound 

[0822] Deionized water of 500 ml was weighed out and introduced into a 1000 ml glass beaker. To the deionized 
35 water. 0.15 g of anhydrous magnesium hydroxide was added to give a dispersion. The dispersion in the beaker was 
cooled in an ice bath, and thereto was dropwise added 5 g of titanium tetrachloride with stirring. The liquid became 
acidic, and the magnesium hydroxide was dissolved. When production of hydrogen chloride stopped, the beaker con- 
taining the reaction solution was taken out of the ice bath, and 25% aqueous ammonia was dropwise added with stir- 
ring, to adjust pH of the solution to 8. The precipitate of titanium-containing complex hydroxkJe produced was separated 
40 from the supernatant liquid by centrifugation of 2500 revolutions for 15 minutes. Then, the precipitate of titanium-con- 
taining conrplex hydroxide was washed five times with deionized water. After the washing, solid-liquid separation was 
carried out by centrifugation of 2500 revolutions for 15 minutes. The washed titanium-containing comply hydroxide 
was vacuum dried at 70^*0 under a pressure of 10 Torr for 18 hours to remove water content, whereby a titanium-con- 
taining solid compound was obtained. 
45 [0823] In the titanium-containing solid compound, the ratio between titanium atom and magnesium atom was 91 :9 
by mol. Prior to use as a polycondensation catalyst, the titanium-containing solid compound was pulverized into parti- 
cles of about 10 ^i. 

[0824] Polycondensation reaction, granulation and solid polymerization reaction were carried out in the same man- 
ner as in Example 469-1 , except that the titanium-containing solid compound prepared above was used as the poly- 

50 condensation catalyst. Using the resulting polyethylene terephthalate. a blow molded article was produced in the same 
manner as in Example 469-1 , and appearance thereof was evaluated. Further, flowability {UT) and an intrinsic viscosity 
of the UT specimen were measured in the same manner as in Example 469-1 . The results are set forth in Table 469-1 . 
[0825] As shown in Table 469-1 . the polyethylene terephthalate according to the invention has higher flowability 
than conventional polyethylene terephthalate, and therefore the polyethylene terephthalate of the Invention is excellent 

55 in moldability The blow molded article obtained from the polyethylene terephthalate of the invention has excellent 
appearance similarly to the blow molded article obtained from the conventional polyethylene terephthalate. 



72 



BNSDOCID: <EP 



1013692A2_I_> 



EP 1 013 692 A2 



10 



15 



20 



25 



30 



0) 

to 

Eh 



35 



8 



•it 
5 



40 



45 



c w > .2 

o — ' f» 

I— I > 



2^ 



oo 



oo 



a 

re 

u 

c 
o 



TO 

to 

c 

g 

o 

>v 

<£ 



CO 



to 



^ CO vo 



?5 



CM 



^ CNl 



CO 





CO 






in 








i 




oo 




oo 




oo 




• 

o 


* 


* 

o 





s s s s 



cn 



cn 



s 



CM 



CM 



CO 

to 

CM 



CM 



in 



CM 



CO 



lO 

CO 



CO 



LO 
CM 

oo 



CO 



CM CM 1 I 



CD o o o 

CM CM CM 
C=> €=> C=> I C3 



8 - 

(fi* O. 



oo 
CM 



CO 



50 



I 



X 

to 



o 1 o 



CM 



CO I in 

^ CM 



It- ^ 



CO 

o 
o 



CM 

I 



CO ■>-* 



CO CO I CO |q 3 

S o o o c:> 



CO 

to 



CM 



OO 



?3 

OO 

o 



CO 
CM 



CM 
CO 
CM 



CM 



CO 1 -tr I i*o 
» ' J. 
VO I ^ I «0 



X I X 



X 

' • ^ 



to 
«o 



X 



CO 



-O 

cn 



t2 



X 

U3 



. ^ . CM 

O to C to 



to 

LO 



CM 



X 



.3 



^ era 
to 



c 

D 

f-i vo "O 

I t -H 

in ON u 

CTk VO (0 

o 

0) a> -H 



x: 

x: 
a 

0) 
M 
0) 
4J 

0) 

c 
xz 

as 



^ ^5 

u u a 

0) 

c c M 

0) 0) C 
M U O 

a axj 

0) 0) Q> 
M M 0) 

• Si 

c c e 

3 D O 
O O 4-) 

O O 'H 
U U fU 

C C <4-l 

oj <o o 

•H W 
4J 4J g 

•H -H 4J 
rH r-l 

o o c 

(0 CO -H 



o 



u 



4J 

M ^ 

oj U 

a< 
o 

c 

o c 
•a 

Q) 
CO 
fO 
XI 

U 
Q) 3 

E -rH 

CO 

o c 



4J 

c 

C " 

o 



1-1 CM ro CT* 
* ♦ * + S 



55 



73 



BNSDCXIDkEP 1013692A2 I > 



EP 1 013 692 A2 



Claims 

1 . A catalyst for polyester production, comprising a solid titanium compound ( l-a) which is obtained by dehydro-drying 
a hydrolyzate obtained by hydrolyzing a titanium halide and has a molar ratio (OH/Ti) of a hydroxy! group (OH) to 

5 titanium (Ti) exceeding 0.09 and less than 4. 

2. A catalyst for polyester production, comprising a titanium-containing solid compound (l-b) which is obtained by 
dehydro-drying a hydrolyzate obtained by hydrotyzing a mixture of a titanium halide and a compound of at least one 
element selected from elements other than titanium or a precursor of the compound and has a molar ratio (OH/Ti) 

TO of a hydroxyl group (OH) to titanium (Ti) exceeding 0.09 and less than 4. 

3. The catalyst for polyester production as claimed in claim 2, wherein the compound of at least one element selected 
from elements other than titanium or the precursor of the compound is a compound of at least one element 
selected from the group consisting of beryllium, magnesium, calcium, strontium, barium, scandium, yttrium, lantha* 

75 num. zirconium, hafnium, vanadium, niobium, tantalum, chromium, molybdenum, tungsten, manganese, iron, 
ruthenium, cobalt, rhodium, nickel, palladium, copper, zinc, boron, aluminum, gallium, silicon, germanium, tin. anti- 
mony and phosphorus or a precursor of the compound. 

4. A catalyst for polyester production, comprising: 

20 

a polycondensation catalyst component comprising the solid titanium compound (l-a) of claim 1 and/or the tita- 
nium-containing solid compound (l-b) of claim 2, and 

(II) a co-catalyst component comprising a compound of at least one element selected from the group consist- 
ing of beryllium, magnesium, calcium, strontium, barium, boron, aluminum, gallium, manganese, cobalt, zinc. 
25 germanium, antimony and phosphorus. 

5. A catalyst for polyester production, comprising: 

a polycondensation catalyst component comprising a solid titanium compound (l-c) obtained by dehydro-dry- 
30 ing a hydrolyzate obtained by hydrolyzing a titanium halide. and 

(II) a co-catalyst component comprising a conpound of at least one element selected from the group consist- 
ing of beryllium, magnesium, calcium, strontium, barium, boron, aluminum, gallium, manganese, cobalt, zinc, 
germanium, antimony and phosphorus. 

35 6. The catalyst for polyester production as claimed in claim 5. wherein the co-catalyst component (II) is a magnesium 
compound. 

7. A catalyst for polyester production, comprising a titanium-containing solid compound (l-d) obtained by dehydro-dry- 
ing a hydrolyzate obtained by hydrolyzing a mixture of a titanium halide and a compound of at least one element 

40 selected from elements other than titanium or a precursor of the compound. 

8. The catalyst for polyester production as claimed in claim 7. wherein the compound of at least one element selected 
from elements other than titanium or the precursor of the compound is a conpound of at least one element 
selected from the group consisting of beryllium, magnesium, calcium, strontium, barium, scandium, yttrium, lantha- 

45 num. zirconium, hafnium, vanadium, niobium, tantalum, chromium, molybdenum, tungsten, manganese, iron, 
ruthenium, cobalt, rhodium, nickel, palladium, copper, zinc, boron, aluminum, gallium, silicon, germanium, tin, anti- 
mony and phosphorus or a precursor of the compound. 

9. A catalyst for polyester production, comprising: 

50 

a polycondensation catalyst connponent comprising tiie titanium-containing solid compound (l-d) of claim 7 or 
8. and 

(II) a co-catalyst component comprising a compound of at least one element selected from the group consist- 
ing of beryllium, magnesium, calcium, strontium, barium, boron, aluminum, gallium, manganese, cobalt, zinc. 
55 germanium, antimony and phosphorus. 

1 0. The catalyst for polyester production as claimed in claim 9, wherein the co-catalyst component (It) is a magnesium 
compound. 
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1 1 A catalyst for polyester production, comprising a solid titanium compound (l-e) obtained by a process comprising 
bringing a titanium halide into contact with water to hydrolyze the titanium halide and thereby obtain an aad sdution 
containing a hydrolyzate of the titanium halide. rendering the solution basic by the use of a base, then adjusting pH 
of the solution to 2 to 6 by the use of an acid, and dehydro-drying the resulting precipitate. 

12 A catalyst for polyester production, comprising a sdid titanium compound (l-f) obtained by a process comprising 
bringing a titanium halide into contact with water to hydrolyze the titanium halide and thereby obtain an acid solution 
containing a hydrolyzate of the titanium halide. adjusting pH of the solution to 2 to 6 by the use of a base, and dehy- 
dro-drying the resulting precipitate. 

1 3. A catalyst for polyester production, comprising: 

(I) a polycondensation catalyst component comprising the solid titanium compound of claim 11 or 12. and 

(II) a co-catalyst component compriang a compound of at least one element selected from the group consist- 
ing of beryllium, magnesium, calcium, strontium, barium, boron, aluminum, gallium, manganese, cobalt, zinc, 
germanium, antimony and phosphorus. 

14. The catalyst for polyester production as claimed in claim 13, wherein the co-catalyst component (II) is a magnesium 
compound. 

15 A catalyst for polyester production, comprising a titanium-containing solid compound (l-g) obtained by a process 
comprising bringing a mixture of a titanium halide and a compound of at least one element selected from elements 
other than titanium- or a precursor of the compound into contact with water to hydrolyze the titanium halide and 
thereby obtain an acid solution containing a hydrolyzate of the titanium halide. rendering the solution basic by the 
use of a base, then adjusting pH of the solution to 2 to 6 by the use of an acid, and dehydro-drying the resulting 
precipitate. 

16 The catalyst for polyester production as claimed in claim 15. wherein the compound of at least one element 
selected from elements other than titanium or the precursor of the compound is a compound of at least one ele- 
ment selected from the group consisting of beryllium, magnesium, calcium, strontium, barium, scandium, yttrium, 
lanthanum zirconium, hafnium, vanadium, niobium, tantalum, chromium, molybdenum, tungsten, manganese, 
iron, ruthenium, cobalt rhodium, nickel, palladium, copper, zinc, boron, aluminum, gallium, silicon, germanium, tin. 
antimony and phosphorus, or a precursor of the compound. 

35 17 A catalyst for polyester production, comprising a titanium-containing solid compound (l-h) obtained by a process 
comprising bringing a mixture of a titanium halide and a compound of at least one element selected from elements 
other than titanium or a precursor of the compound into contact with water to hydrolyze the titanium halide and 
thereby obtain an acid solution containing a hydrolyzate of the titanium halide. adjusting pH of the solution to 2 to 
6 by the use of a base, and dehydro-drying the resulting precipitate. 

18 The catalyst for polyester production as claimed in claim 17. wherein the compound of at least one element 
selected from elements other than titanium or the precursor of the compound is a compound of at least one ele- 
ment selected from the group consisting of beryllium, magnesium, calcium, strontium, barium, scandium, yttrium, 
lanthanum zirconium, hafnium, vanadium, niobium, tantalum, chromium, molybdenum, tungsten, manganese, 
iron, ruthenium, cobalt, rhodium, nickel, palladium, copper, zinc, boron, aluminum, gallium, silicon, germanium, tin. 
antimony and phosphorus or a precursor of the compound. 

19. A catalyst for polyester production, comprising: 

(I) a polycondensation catalyst component comprising the titanium-containing solid compound (l-g) or (I-h) of 
any one of claims 15 to 1 8, and 

(II) a co-catalyst component comprising a compound of at least one element selected from the group consist- 
' ing of beryllium, magnesium, calcium, strontium, barium, boron, aluminum, gallium, manganese, cobalt, zinc. 

germanium, antimony and phosphorus. 

20. The catalyst for polyester production as claimed in claim 1 9. wherein the co-catalyst component (II) is a magnesium 
compound. 
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21. A catalyst for polyester production, comprising.a solid titanium compound (l-i) wliich is obtained by dehydro-drying 
titanium hydroxide and has a crystallinity. as calculated from an X-ray diffraction pattern having 26 (diffraction 
angle) of 18'' to 35°. of not more than 50 %. 

« 

5 22. A catalyst for polyester production, comprising: 

(I) a polycondensation catalyst component comprising the solid titanium compound (l-i) of daim 21 , and 

(II) a co-catalyst connponent comprising a compound of at least one element selected from the group consist- 
ing of beryllium, magnesium, calcium, strontium, barium, boron, aluminum, gallium, manganese, cobalt, zinc. 

10 germanium, antimony and phosphorus. 

23. A catalyst for polyester production, comprising a slurry obtained by heating a mixture of: 

. (A-1) a hydrolyzate (l-j) obtained by hydrolyzing a titanium compound or a hydrolyzate (l-k) obtained by hydro- 
75 iyzing a mixture of a titanium compound and a compound of at least one element selected from elements other 

than titanium or a precursor of the compound. 

(B) a basic compound, and 

(C) an aliphatic diol. 

20 24. The catalyst for polyester production as claimed in claim 23. wherein the basic compound (B) is at least one conv 
pound selected from tetraethylammonium hydroxide; tetramethylammonium hydroxide, aqueous ammonia, sodium 
hydroxide, potassium hydroxide, N-ethylmorphdine and N-methylmorpholine. 

25. The catalyst for polyester production as claimed in claim 23 or 24. wherein the aliphatic diol (C) is ethylene glycol. 

26. A catalyst for polyester production, comprising: 

(A-2) a hydrolyzate (l-m) obtained by hydrolyzing a titanium halide or a hydrolyzate (l-n) obtained by hydrolyz- 
ing a mixture of a titanium halide and a compound of at least one elemerrt selected from elements other than 
30 titanium or a precursor of the compound, and 

(D) a metallic phosphate containing at least one element selected from beryllium, magnesium, caldum. stron- 
tium, boron, aluminum, gallium, manganese, cobalt and zinc. 

27. The catalyst for polyester production as claimed in daim 26, wherein the metallic phosphate (D) is magnesium 
35 hydrogenphosphate or trimagnesium diphosphate. 

28. A catalyst for polyester production, comprising a slurry obtained by heating a mixture of: 

(A-2) a hydrolyzate (l-m) obtained by hydrolyzing a titanium halide or a hydrolyzate (l-n) obtained by hydrolyz- 
40 ing a mixture of a titanium halide and a compound of at least one element selected from elements other than 

titanium or a precursor of the compound, 

(E) a metallic compound containing at least one element selected from beryllium, magnesium, calcium, stron- 
tium, boron, aluminum, gallium, manganese, cobalt and zinc. 

(F) at least one phosphorus compound selected from phosphoric add and phosphoric esters, and 
45 (G) an aliphatic diol. 

29. The catalyst for polyester production as claimed in claim 28. wherein the metallic compound (E) is a magnesium 
compound, the phosphorus compound (F) is phosphoric acid or trimethyl phosphate, and the aliphatic diol (G) is 
ethylene glycol. 

so 

30. The catalyst for polyester production as claimed in claim 28 or 29-, wherein the heating temperature of the mixture 
of the components (A-2), (E), (F) and (G) is in the range of 100 to 200''C. and the heating time is in the range of 3 
minutes to 5 hours. 

55 31 . A process for producing a polyester, comprising polycondensing an aromatic dicartx)xylic acid or an ester-forming 
derivative thereof and an aliphatic diol or an ester-forming derivative thereof in the presence of the catalyst as 
claimed in any one of claims 1 to 30. 
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32 A process for producing a polyester, comprising an esterlfication step in which an aroniatic dicartwxylic acid or an 
' ester-forming derivative thereof and an aliphatic did or an ester-forming derivative thereof are esterif led to form a 
\ON condensate and a polycondensation step in which the low condensate is polycondensed in the presence of a 
polycondensation catalyst to increase the molecular weight, wherein; 

the polycondensation catalyst used is a catalyst comprising: 

(1) a polycondensation catalyst component comprising a hydrolyzate (l-D olrtained by hydrolyzing a tita- 
nium compound or a hydrolyzate (l-k) obtained by hydrolyzing a mixture of a titanium compound and a 
compound of at least one element selected from elements other than titanium or a precursor of the com- 

0°) "aco^catalyst component comprising a compound of at least one element selected from the group con- 
sisting of beryllium, magnesium, calcium, strontium, barium, boron, aluminum, gallium, manganese, 
cobalt, zinc, germanium, antimony and phosphorus; 

and 

the polycondensation catalyst component (I) is added to the esterif ication reactor before the beginning of the 
esterrfication reaction or immediately after the beginning of the esterif ication reaction. 

33. The process for producing a polyester as claimed in claim 32. wherein the co-catalyst component (II) is a magna- 
sium compound. 

34 A process for producing a polyester, comprising polycondensing an aromatic dicarboxylic acid or an ester-forming 
derivative thereof and an aliphatic diol or an ester-torming derivative thereof in the presence of a polycondensation 
catalyst selected from the following catalysts (1) to (3) and a phosphoric ester to produce a polyester: 

(1) a polycondensation catalyst comprising a hydrolyzate (l-m) obtained by hydrolyzing a titanium halide. 
2 a polycondensation catalyst comprising a hydrolyzate (l-n) obtained by hydrolyzing a mixture of a titanium 
30 halide aHd a compound of at least one element selected from elements other than titanium or a precursor of 

the compound, and 

(3) a polycondensation catalyst comprising: 

the hydrolyzate (l-m) or (l-n). and 
35 a compound of at least one element selected from the group consisting of beryllium, magnesium, calcium. 

strontium, barium, boron, aluminum, gallium, manganese, cobalt, zinc, germanium and antimony, a phos- 
phate or a phosphite. 

35. The process for producing a polyester as claimed in claim 34. wherein the phosphoric ester is tributyl phosphate. 
40 trioctyl phosphate or triphenyl phosphate. 

36. A process tor producing a polyester, conprlsing polycondensing an aromatic dicarboxylic acid or an ester-forming 
derivative thereof and an aliphatic diol or an ester-forming derivative thereof in the presence of a polycoridensation 
catalyst selected from the following catalysts (1) to (3) and at least one compound selected from cyclic lactone 

45 compounds and hindered phenol compounds to produce a polyester; 

(1) a polycondensation catalyst comprising a hydrolyzate (l-m) obtained by hydrolyzing a titanium halide, 
2 a polycondensation catalyst comprising a hydrolyzate (l-n) obtained by hydrolyzing a mixture of a titanium 
halide and a compound of at least one element selected from elements other than titanium or a precursor of 

50 the compound, and 

(3) a polycondensation catalyst comprising: 

the hydrolyzate (l-m) or (l-n). and 

a compound of at least one element selected from the group consisting of beryllium, magnesium, calcium. 
55 strontium, barium, boron, aluminum, gallium, manganese, cobalt, zinc, germanium and antimony, a phos- 

phate or a phosphite. 

37. The process for producing a polyester as claimed in claim 36. wherein at least one phosphorus compound selected 
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from phosphoric acid and phosphoric esters is further used in combination. 

38. The process for producing a polyester as claimed in claim 36 or 37, wherein the at least one compound selected 
from cyclic lactone compounds and hindered phenol compounds is a mixture of 5,7-di-t-butyl-3-(3,4-dimethylphe- 

5 nyl)-3H-benzpfuran-2-one. tetrakis(methylene-3(3,5-di-t-butyl-4-hydroxyphenyl)propionate)methane and tris(2,4- 
di-t-butylphenyi)phosphite. 

39. A process for producing a polyester, comprising an esterif ication step in which an aromatic dicarboxylic acid or an 
ester-forming derivative thereof and an aliphatic diol or an ester-forming derivative thereof are esterified to form a 

10 low condensate and a polycondensation step in which the low condensate is polycondensed in the presence of a 
polycondensation catalyst to increase the molecular weight, wherein: 

the polycondensation catalyst used is a catalyst comprising: 

75 (I) a polycondensation catalyst component comprising a hydrolyzate (l-m) obtained by hydrolyzing a tita- 

nium halide or a hydrolyzate (l-n) obtained by hydrolyzing a mixture of a titanium halide and a compound 
of at least one element selected from elements other than titanium or a precursor of the compound, and 
(11) a co-catalyst component comprising a compound of at least one element selected from the group con- 
sisting of beryllium, magnesium, calcium, strontium, barium, boron, aluminum, gallium, manganese. 

20 cobalt, zinc, germanium, antimony and phosphorus; 

and 

a tint adjusting agent is added in the esterif ication step or the polycondensation step. 

The process for producing a polyester as claimed in claim 39. wherein the tint adjusting agent is at least one agent 
selected from Solvent Blue 104, Pigment Red 263, Solvent Red 135. Pigment Blue 29. Pigment Blue 15:1, Pigment 
Blue 15:3, Pigment Red 187 and Pigment Violet 19. 

30 41. The process for producing a polyester as claimed in claim 39 or 40, wherein the co-catalyst component (II) is a 
magnesium compound. 

42. A method for treating a polyester, comprising bringing a polyester, which Is obtained by the use of a titanium com- 
pound catalyst and In which the reaction has been completed, into contact with a phosphorous add aqueous solu- 

35 tion. a hypophosphorous acid aqueous solution, a phosphoric ester aqueous solution, a phosphorous ester 
aqueous solution or a hypophosphorous ester aqueous solution, each of said solutions having a concentration of 
not less than 10 ppm in terms of phosphorus atom. 

43. The method for treating a polyester as claimed in claim 42, wherein the polyester has an intrinsic viscosity of not 
40 less than 0.50 dl/g. a density of not less than 1 .37 g/cm^ and an acetaldehyde content of not more than 5 ppm. 

44. The method for treating a polyester as claimed in claim 42 or 43, wherein polyethylene terephthalate. which is 
obtained by the use of a titanium compound catalyst and in which the reactbn has been completed, is treated. 

45 AS. A method for treating a polyester, comprising bringing a polyester, which is obtained by the use of a titanium com- 
pound catalyst and in which the reaction has been completed, into contact with an organic solvent. 

46. The method for treating a polyester as claimed in claim 45, wherein the polyester has an intrinsic viscosity of not 
less than 0.50 dl/g, a density of not less than 1.37 g/cm^ and an acetaldehyde content of not more than 5 ppm. 

50 

47. The method for treating a polyester as claimed in claim 45 or 46, wherein the organic solvent is a solvent selected 
from alcohols, saturated hydrocarbons and ketones. 

48. The method for treating a polyester as claimed in any one of claims 45 to 47. wherein the organic solvent is isopro- 
55 panol or acetone. 

49. The method for treating a polyester as claimed in any one of claims 45 to 48. wherein polyethylene terephthalate. 
which is obtained by the use of a titanium compound catalyst and in which the reaction has been completed, is 
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treated. 



50 A method for treating a polyester, comprising bringing a polyester, which is obtained by the use of a titanium com- 
' pound catal^t and in which the reaction has been completed, into contact with an organic solvent solution of phos- 
5 phoric acid an organic solvent solution of a phosphoric ester, an organic solvent solution of phosphorous acid, an 
organic solvent solution of hypophosphorous add. an organic solvent solution of a phosphorous ester or an organic 
solvent solution of a hypophosphorous ester, each of said solutions having a concentration of not less than 1 0 ppm 
in terms of phosphorus atom. 

70 51 The method for treating a polyester as claimed in claim 50. wherein the polyester has an intrinsic viscosrty of not 
less than 0.50 dl/g. a density of not less than 1 .37 g/cvr? and an acetaldehyde content of not more than 5 ppm. 

52. The method for treating a polyester as claimed in claim 50 or 51 . wherein the phosphoric ester is tributyl phosphate, 
triphenyl phosphate or trimethyl phosphate. 

53. The method for treating a polyester as claimed in any one of claims 50 to 52. wherein the organic solvent is a sol- 
vent selected from alcohols, saturated hydrocarbons and ketones. 

54. The method for treating a polyester as claimed in any one of claims 50 to 53. wherein the organic solvent is Isopro- 
20 panol or acetone. 

55 The method for treating a polyester as claimed in any one of claims 50 to 54. wherein polyethylene terephthalate. 
' which is obtained by the use of a titanium compound catalyst and in which the reaction has been completed, is 



treated. 



25 

56 A polyester (P-1) obtained by pdycondensing an aromatic dicarboxylic acid or an ester-forming derivative thereof 
' and an aliphatic diol or an ester-forming derivative thereof in the presence of the catalyst for polyester production 
as claimed in claim 6 or 10. wherein the titanium content is in the range of 1 to 100 ppm. the magnesium content 
is in the range of 1 to 200 ppm. and the weight ratio (Mg/Ti) of magnesium to titanium is not less than 0.01 . 

30 

57. The polyester (P-1 ) as claimed in claim 56, which is polyethylene terephthalate 

58. A polyester (p-2) having the following properties: 

35 a titanium atom is contained in an amount of 0.1 to 200 ppm, 

a metal atom M selected from beryllium, magnesium, calcium, strontium, barium, boron, aluminum, gallium. 

manganese, cobalt, zinc and antimony is contained in an amount of 0.1 to 500 ppm. 

the molar ratio (titanium atom/metal atom M) of the titanium atom to the metal atom M is in the range of 1/50 

to 50/1 , and 

40 a tint adjusting agent is contained in an amount of 0.01 to 100 ppm. 

59. A polyester (p-3) having the following properties: 

the intrinsic viscosity is not less than 0.50 dl/g. 
45 a titanium atom is contained in an amount of 0.1 to 200 ppm. 

a metal atom M selected from beryllium, magnesium, calcium, strontium, barium, boron, aluminum, gallium. 

manganese, cobalt, zinc and antimony is contained in an amount of 0.1 to 500 ppm. 

the molar ratio (titanium atom/metal atom M) of the titanium atom to the metal atom M is in the range of 0.05 

to 50. and - , im 

so the content of acetaldehyde is not more than 4 ppm, and when this acetaldehyde content is taken as Wq ppm 

and a content of acetaldehyde in a stepped square plate molded product obtained by heating said polyester to 
a temperature of 275«C to melt it and molding the molten polyester is taken as ppm. the value of W^-Wo is 
not more than 1 0 ppm. 

55 60. The polyester (P-3) as claimed in claim 59. wherein the titanium atom is derived from a polycondensation catalyst 
obtained by hydrolysis of a titanium halide. 

61. The polyester (P-3) as claimed in claim 59 or 60. which is polyethylene terephthalate. 



79 



iniafifipA? I > 



A, 



EP1013 692A2 

■ 

62. A polyester (P-4] having the following properties: 

the intrinsic viscosity is not less than 0.50 d!/g, 
a titanium atom is contained in an amount of 0.1 to 200 ppm. 
5 a metal atom M selected from beryllium, magnesium, calcium, strontium, barium, boron, aluminum, gallium, 

manganese, cobalt, zinc and antimony is contained in an amount of 0.1 to 500 ppm, 
the molar ratio (titanium atom/metal atom M) of the titanium atom to the metal atom M is in the range of 0.05 
to 50, and 

the content of a cyclic trimer is not more than 0.5 % by weight, and when this cyclic trimer content is taken as 
10 X % by weight and a content of a cyclic trimer in a stepped square plate molded product obtained by heating 

said polyester to a temperature of 290''C to melt it and molding the molten polyester is taken as y % by weight. 
X and y satisfy the following relation 

y s -0.2X+0.2. 

15 

63. The polyester (P-4) as claimed in claim 62, wherein the titanium atom is derived from a polycondensation catalyst 
obtained by hydrolysis of a titanium halide. 

64. The polyester (P-4) as claimed in claim 62 or 63, which is polyethylene terephthalate. 

20 

65. A polyester (P-5) having the following properties: 

when the ratio (ITT) of a flow length (L) to a flow thickness (T) in the injection molding of said polyester at 290**C 
is taken as Y and the intrinsic viscosity of a molded product obtained by the injection molding is taken as X 
25 (dl/g), X and Y satisfy the following relation 

Y ^ 647-500X. 

66. The polyester (P-5) as claimed In claim 65. which is obtained by potycondensing an aromatic dicart)0xylic acid or 
30 an ester-forming derivative thereof and an aliphatic diot or an est'er-forming derivative thereof in the presence of a 

polycondensation catalyst comprising a hydrolyzate (l-m) obtained by hydrolyzing a titanium halide. 

67. The polyester (P-5) as claimed In daim 65, which Is obtained by potycondensing an aromatic dicarboxylic acid or 
an ester-forming derivative thereof and an aliphatic did or an ester-forming derivative thereof in the presence of a 

35 polycondensation catalyst comprising a hydrolyzate (l-n) obtained by hydrolyzing a mixture of a titanium halide and 
a compound of at least one element selected from elements other than titanium or a precursor of the compound. 

68. The polyester (P-5) as claimed in claim 67, wherein the compound of at least one element selected from elements 
other than titanium or the precursor of the compound is a compound of at least one element selected from the 

40 group consisting of beryllium, magnesium, calcium, strontium, barium, scandium, yttrium, lanthanum, zirconium, 
hafnium, vanadium, niobium, tantalum, chromium, molybdenum, tungsten, manganese, iron, ruthenium, cobalt, 
rhodium, nickel, palladium, copper, zinc, boron, aluminum, gallium, silicon, germanium, tin. antimony and phospho- 
rus or a precursor of the compound. 

45 69. The polyester (P-5) as claimed in claim 65. which is obtained by polycondensing an aromatic dicarboxylic acid or 
an ester-forming derivative thereof and an aliphatic did or an ester-forming derivative thereof in the presence of: 

(I) the polycondensation catalyst of any one of claims 66 to 68, and 

(II) a co-catalyst component comprising a compound of at least one element selected from the group consist- 
50 ing of beryllium, magnesium, calcium, strontium, barium, boron, aluminum, gallium, manganese, cobalt, zinc, 

germanium, antimony and phosphorus. 

70. The polyester (P-5) as claimed in claim 69, wherein the co-catalyst compound (II) is a magnesium compound. 

55 71 . The polyester (P-5) as claimed in claim 70. wherein the titanium atom content is in the range of 1 to 100 ppm, the 
magnesium atom content is in the range of 1 to 200 ppm. and the weight ratio (Mg/Ti) of the magnesium atom to 
the titanium atom is not less than 0.01 . 
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72. The polyester (P-5) as claimed in any one of claims 65 to 71 , which is polyethylene terephthalate. 

73. A molded product obtained from the polyester (P-1) as claimed in any one of claims 56 to 57. 
5 74. The molded product as claimed in claim 73. which is a blow molded article. 

75. The molded product as claimed in claim 73. which is a film or a sheet. 

76. The molded product as claimed in claim 73, which Is a fiber. 



10 



77. A blow molded article obtained from the polyester (P-4) as claimed in any one of claims 62 to 64 and having a cyclic 
trimer content of not more than 0.6 % by weight. 

78. A preform for a blow molded article, which is obtained from the polyester (P-5) as claimed in any one of claims 65 
15 to 72. 

79. A blow molded article obtained from the polyester (P-5) as claimed in any one of claims 65 to 72. 
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